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The presence of starch grains was proven in thè cells of thè subapical, elongat- 
ing tissue of thè growing shoot tips of appiè trees and in thè basai part of thè youngest 
leaf primordia next to thè apex. 

The distribution of thè starch grains in thè cells of tissues of thè shoot tip does 
not show any correlation with thè vertical or horizontal orientation of thè shoots, 
nor with thè effect of morphactin treatment eliminating thè geotropic sensitivity. 

The specificity of thè Alcian Blue 8GX — periodic acid — Schiff reagent 
(AB-PAS) used for thè test for starch is greatly enhanced by thè application of ultra- 
violet fluorescence inicroscopy. 


Introduction 

Shoots of appiè trees react very sensitively to experimentally induced 
changes in their orientation. Forcing thè vertically growing shoots into a 
horizontal position changes growth rate and degree of ramification and flower 
hud formation. Gravity, of course, has a well known direct effect on apical 
dominance and on flower formation, similarily to otlier fruit trees and woody 
plants (see review by Jankiewicz, 1971). 

Spraying with growth regulators of thè morphactin type in a con- 
centration of 100 ppm or liigher leads to partial loss of direction in shoot 
growth (Buban et al., 1969a). Loss of geotropic sensitivity of plant organs was 
reported by Khan (1967) and also by Krelle and Libbert (1968). 

Our present work investigated thè existence if any, of relationsliip 
between thè geotropical sensitivity of growing shoots and thè presence of 
starch grains, or their possible role as statoliths, in thè tissue of thè shoot tips 
of Malus domestica. 


Material and method 

The material (Jonathan variety on M 4 rootstock) was obtained from an appiè orchard 
of thè Institute of Pomology at thè University of Hohenheim. Tips from shoots growing in 
three different orientations were used: 

1. shoots growing vertically upwards (V), 

2. shoots originally growing vertically but tied down horizontally (VH), 

3. shoots growing horizontally (H). 
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The YH twigs were tied horizontally at thè time of thè treatment (4. 7. 1972). Half 
of thè shoots (experimental shoots VIVI, VHM, HM) were treated with morphactin ( chloro- 
flurenol, 30 ppm). The two young leaves next to thè growing poi ut were dipped for a few 
seconds into thè morphactin solution. The treated young leaves had approximately half of 
thè surface area of fully developed leaves. Six shoots were treated identically and constituted 
one experiment. 

Three days after thè treatment, thè shoot tips (2 cm long) were cut and hrought into 
thè laboratory. During transport, preparation and fixation, thè cuttings were kept in their 
originai position (vertical or horizontal). Ethanol : formalin : picric acid 6 : 1 : 1.3 was used 
for fixation. The 10 to 12 micron thick sections prepared after embedding in paraplast were 
stained with Alcian Blue 8GX periodic acid Schiff reagent (AB-PAS), according to 
Moyvry (1963). The sections were first stained with a special Alcian Blue solution (1% Alcian 
Blue 8GX in 3% glacial acetic acid, for 2 hours) before being oxidized with periodic acid. 
The Schiff reagent was prepared according to thè standard technique of Graumann (1953), 
but with trichloro acetic acid (Bloch and Godman, 1955). For thè preparation of thè sul- 
furous acid, Na 2 S 2 0 5 was substituted by NaHS0 3 (cf. Mowry, l.c.). Poststaining with Harris- 
haeinatoxylin and picric acid background staining was omitted. 

For thè UV fluorescence observations, thè filter combinations described by Diboll 
(1967) were used. The microphotographs for thè UV fluorescence observations were Iliade 
with Kodak High Speed Ektachrome film and for visible light with Kodachrome II Type A. 

The shoot tips used for thè sections were about 3 to 4 mm long. Thus it was possible 
to examine thè apex, thè youngest leaf primordia, as well as thè suhapical zone. The micro¬ 
scopie observations were Iliade under visible light or UV. 


Results 

On thè t li irci day after thè treatment, thè tips of thè control shoots 
which were tied horizontally (VH) curved slightly upwards. The experimental 
shoots tied down (VHM) gave no uniform reaction: One tip curved slightly 
upward, a second one vertically tipward, and thè rest remained in thè hori¬ 
zontal orientatimi. Tliese results are in agreement with thè observations of 
Bubàn et al. (19(>9a) mentioned above, indicating that there exists no definite 
direction for shoot tip growth. The tips are stili capable of growing by elon- 
gation, but lost their sensitivity for gravity. 

By thè combined use of visible light and UV inicroscopy, more detailed 
information on thè cidi eontent was obtained. Examination with visible light 
provides data about thè nature of thè polysaccharids by tlie Bitter and 
Olson principle (Mowry, 1963). The two known types of polysaccharides could 
be identified in thè suhapical pith eclls of appiè shoot tips (Fig. 1.). Neutral 
carbohydrates ridi in vicinai hydroxyl groups were present in thè starcb 
grains, as indicatici by their red color. Complex carbohydrates with acid 
groups were stained blue and found in thè individuai layers of thè celi wall 
wliere also neutral carbohydrates can be located. 

The sections provided a suitable material for a good survey in visible 
light, since thè sections of thè celi elements were distinctly stained and were 
clearly identified. However, thè coloration was not absolutely specific because 
all other celi structures containing carbohydrates were also stained (cf. Diboll, 
1967). This difficulty was overcome by fluorescence inicroscopy. Tlu* elisiri- 
bution and localisation of tlu* starch grains in thè cells of thè different tissues 
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Fig. 1 . Brighi field inicroscopy. Approximately 550 : 1 



Fig. 2. Blue-violet inicroscopy. Approximately 800 : 1 


Figs. 1. and 2. Section of AB-periodic acid-Schiff-colored cells of thè subapical pithtissue 

with starcli grains 


1* 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 



4 


BUBÀN, T.-ZELLER, O. 


were clearly recognized under ultraviolet liglit (Fig. 2). The starcli grains and 
also thè celi wall fluoresced red while thè cytoplasm and nucleoli appeared 
yellow.The latter seems to he thè prirnary fluorescence since thè yellow fluo- 
rescence appeared also in thè unstained material. According to Diboll, fluo¬ 
rescence does not change whether or notRNAis extracted froin thè cells by 
trichloroacetic acid (Diboll, 1967, p. 102). 

The highest frequency of starcli grains was found in cells of thè subapical 
pith tissue, including thè peripheral part next to thè procambiurn. In a smaller 
quantity, starcli grains were always found in cells of thè outer part of thè pro- 
cambiumwhere thè starcli sheathwould develop. Cells at thè basis of young leaf 
primordia contained less starcli. Starcli grains were completely absent in thè 
cells of thè apex meristem and in thè apical part of young leaf primordia. 

The frequency and distribution of thè starcli grains in thè cells of thè 
different tissues did not vary with thè treatments applied and was thè sanie as 
in thè control shoots. In some instances thè starcli grains were assembled in 
thè cells of thè treated shoots (VM, HM, YHM). llowever, no sufficient ob- 
servations were made to allow a generalization of this finding. 

Since thè distribution of thè starcli grains in thè cells of thè slioot apex 
did not change subsequent to thè forcing of thè slioot in a different orientation, 
it appears that thè starcli does not act as a statolith in these tissues. It is 
clearly seen in Fig. 2 that starcli grains are tightly embedded in thè cyto- 
plasm and that their distribution is determined by thè location of cyto¬ 
plasm. This suggests that thè curvature response of thè subapical shoot zone 
resulting from thè celi elongation at thè lower side of thè shoot is independ- 
ent from thè location of thè starcli grains in these cells. 


Discussimi 

Dislocatimi of starcli grains caused by gravity was first. observed by 
Naegeli (1858). The terni “statolith starcli” was introduced by Haberlandt 
(1900) and Némec (1901). This starcli is located in cells at thè perception site 
of thè gravitational stimulus, sudi as thè root cap, thè tip of thè coleoptile, and 
thè starch sheath of stems. Some correlation may exist between thè localization 
of statolith starch and Golgi vesicles in thè celi (Sievers, 1967). Ageotropic 
roots do not contain statolith starch and it is not hydrolyzed in starving 
plants (Guttenberg, 1963). This stresses a special role of plants starch grains. 
llowever, thè fruitbodies of geotropically sensitive fungi contain no starch, 
and this ohservation often raised argument against thè statolith function of 
thè starch grains. Furthermore, thè function of calcinili oxalate crystals in 
Triticum (Prankiierd, 1920) or of mitochondria as statoliths (cf. Wilkins, 
1966) are occasionally discussed. 
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lt is not required here to refer to papers 011 thè geotropical behaviour of 
roots, regarding statoliths (Pilet et al., 1971; 1971a; Sievers and Volkmann, 
1972; Goldsmith and Ray, 1973), geoelectric theory (Hager, 1971 and review 
by Wilkins, 1966) and otlier factors (Pilet and Nougarede, 1970, Cande et 
al. 1973). Nevertheless, we can site merely few publications on thè geotropical 
sensitivity of thè shoots of woody plants. Borkowska et al. (1967), working 
witli Populus and Malus (cv. Wealthy), proved tliat thè effect of thè gravita- 
tional excitation (e.g. by keeping trees in a horizontal position during a limited 
time period), given during dormancy, can be observed during thè whole fol- 
lowing vegetative period. The ramification scheme of thè plant and thè pattern 
of growth are such as if thè plant had remained in thè horizontal position 
during thè total vegetative period. It was sliown tliat growth inhibitors and 
growth regulators are translocated during thè inductive period between thè 
upper and lower sides of thè shoot in thè cortex. The subsequent events occur 
in several steps (Jankiewicz, 1971). The inductive period during thè dorinant 
stage may be surprisingly short (one to two weeks) in some cases of thè treat- 
ments of Borkowska. The phenomenon of thè “geotropic memory”of thè plant 
is difficult to explain. Probably thè treatment of Borkowska (1966) induces an 
irreversible rearrangement during dormancy in thè localization of thè endog- 
enous growth regulators. However, it is known that polar auxin transport 
also takes place in thè dormant state. According to Pianiazek and Saniewski 
(1968) thè depletionof starch and thè sprouting of buds are initiated by endog- 
enous cytokinins. The auxins, produced by thè growing leaves, stimolate thè 
breakdown of starch and thè resulting sugar is used for thè initial shoot growth 
and for thè cambiai growth. Morphactins liave thè capacity to disturb this 
System of endogenous growth regulators. Treatment in thè range of 100 ppm 
or more cause a delay of bud opening in spring (Buban et al., 1969b). On thè 
otlier hand, it is remarkable that thè changes in starch content in thè spurs 
cannot be regarded as a direct cause of flower initiation but only as an excellent 
indicator of thè specific metabolic processes (Grochowska, 1973). 

Barlow (1973) observed on St. Julien plum that thè curvature reaction 
of shoots is slightly reduced after removai of leaves and largely diminished by 
removai of thè shoot tip. The curvature is alinost entirely hindered by thè two 
treatments applied simultaneously. However, when thè stump of thè shoot is 
supplied witli synthetic auxin, and gibberellin was given on thè petiole stump, 
thè disposition for curving recovers. In thè case of appiè rootstock M 7 thè 
removai of leaves and shoot tips had less effect. 

Experimental results concerning thè geotropic curvature response of thè 
liigher plants are complex and partly contradictory. Our simple experiment 
may represent a small contribution to this problem. The position of thè starch 
grains within thè cells of thè subapical shoot zone was found to be unrelated to 
thè direction of growth of thè shoot tip. This does not preclude thè theoretical 
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possibility that in thè cells of plants organs with a low cytoplasmic viscosity or 
with heavier starch grains thè statolith theory may he valici. The question 
whether thè starch accumulation is caused hy a metabolic disturbance 
(Treichel, 1971) resulting from a too strong morphactin concentration of thè 
treatment was outside thè scope of tliis work. The range of morphactin con- 
centrations used in these experiments was low and sufficient only to increase 
thè flower bud formatimi of appiè orpeach (BubÀn, 1972; BubÀn et al., 1972). 

The Schiff reagent, known since 1924, was first used by Hotciikiss 
(1948) as a test for polysaccharids. The periodic acid Schiff staining (PAS) 
developed by IIotchkiss became thè traditional test for polysaccharides. The 
versatility of tliis test is high, because thè Schiff reagent cali he prepared 
with about forty different basic dyes (cf. Ruthmann, 1966), yiclding absolute 
specificity for many tests. Differentation between various polysaccharides was 
macie possible by thè modification of Mowry (1963) who introduced a specific 
grade of Alcian blue (Alcian Blue 8GX). The specificity of tliis staili is (also 
accorcling to our experiences) greatly increased by thè use of ultraviolet 
fluorescence microscopy introduced by Diboll (1967). Otlier and in some 
instances easier tests for starch (Seidemann, 1966; Czaja, 1969) were not 
examined in tliis study. 
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Synchronous photoelectrical light measurements (light intensity measurements) 
were made with thè lux-meter, in 32 repetitions and according to sunheight categories, 
in three age-groups of beechwoods, at thè herbaceous layer and on a nearby clearing. 
The purpose of thè work was to demonstrate thè light variahilities affecting thè species 
living in thè undergrowth in thè three age-groups of diverse stand structures. The 
differences in thè state of light intensity are thè smallest in thè period of developed 
foliage in thè stands of different ages. In thè transitional vegetative period (thè process 
of leaf-growing) thè differences in light intensity are higher. In thè leafless state, thè 
trunk-branch structure in thè young and old stands lead to thè forination of similar 
light conditions in spring, while thè foliage structure lead to similar light conditions 
in thè middle-age and old-age stands. 

Deficiency in liglit may temporarily, arise especially in plant associa- 
tions in wich thè shortage of water or thè high temperature does not appear 
as an obstacle in thè formation of developed supraterranean, many-layered 
vegetation levels, whereas tlie importance of light as an ecological factor in- 
creases. The light chinate of plant associations is hardly examined and known. 

The examinations of production-ecological aspects of plant stands, thè 
works of Saeki, Monsi and Saeki, etc., which led to thè elaboration of va- 
rious light distribution models, and further to that of association photosyn- 
thesis models (Fekete, 1972; light as regulating factor) should be distinguished 
from analyses directed towards thè light toleration of thè individuai spe¬ 
cies of associations (light as limiting factor). 

Zellniker (1969), in her summarizing work, reviews thè great number 
of light measurements made in naturai plant associations. Alekseev (1963 a) 
points out that their evaluation and further use is hardly possible, owing to 
many regrettable conditions (differing methods and instruments, not satis- 
factorily detailed, accurate and consistent descriptions of measurements, etc.). 
In all tliis thè fact may probably play a part that light and radiation measure- 
ments are very complicated both from practical-methodical and theoretical 
viewpoints. Radiation arriving at thè surface of thè earth is a complicated 
combined System consisting of several components, which breaks down into 
further subcomponents in thè plant associations as a consequence of ab- 
sorption, reflection and dispersimi. The work of Geiger (1961), dealing with 
thè microclimate, also analyses this, while thè examinations of Anderson 
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(1964a, b, 1966) are directed towards thè different kiiuls of radiation; Tooming, 
Ross and their co-workers study thè meteorological, physical and mathe¬ 
matica! side of thè question, their school represents a signifieant theoretical line. 
The methodical handbook of Sestak, Catsky and Jarvis (1971) provides a 
survey of world literature on thè units used in light and radiation examinations, 
a compilation of their terminology and a survey of thè instruments whieh are 
on thè market. 

The works of Horvath and Koltai (1960) deal witli thè examinations 
into light as a physiologic-ccological factor and point out thè practical dif- 
ficulties of research. Fekete (1972) analyses thè photosynthesis-related, pro¬ 
duction implications of light ecological examinations, representing it witli 
ampie literature. 

The light-ecological conditions of naturai foliage wood stands and 
mainly of beeches are dealt witli in thè work of Salisbury, Lauscher and 
Schwabl, Nàgeli, Tranquillini (1960), Anderson (1964a, h; 1966), Trapp 
(1938), Eber (1971; 1972), Alekseev (1963h), Gorysina (1969; 1974), etc. 

Home light researches have heen conducted for years in thè oakwood at 
thè Kossuth Lajos University of Sciences, Debrecen (Nagy, 1972). 

One of thè fundamental difficulties in radiation measurements of naturai 
plant stands is tlie mosaic-like, spotted light-diffusion (sunlight and shade) 
over thè floor, of thè not entirely closed stands (Evans, 1956; Zellniker, 1969). 
Under elear conditions (for thè importance of thè actual weather conditions see 
Anderson, 1964a, b and Alekseev 1963a) a part of thè direct sunlight arrives 
through thè diaphragms of thè foliage into thè floor of thè forest, and dis- 
tributing unevenly tliere forms sharply outlined spots of different light com- 
positions and light intensities. Their measurement and further evaluation has 
not yet heen solved. 


Study target 

Living creatures follow, witli thè rhythm of their life plienomena, thè 
rhythmic changes occurring in their environment. One of thè forms of mani- 
festation of adjustment hy plant associations to thè seasonal changes of thè 
elimate is thè occurrcnce of aspects. This is especially expressed in heechwoods. 
In thè evolvement of thè geophyton plant life forni, thè seasonal changes in 
light conditions are not indifferent. The light decrease in summer found hy us 
on thè floor of thè forest (light-value of one or two magnitudes smaller tlian 
tliose on thè leafless, spring floor of thè forest) is one of thè ecologically 
limiting factors of thè species. 

Man witli his conscious activity in forest cultivation (thè closed, mono- 
cultural growing of beeches, partial cutting, clear cutting) modifies thè naturai 
course of temporal dynamic of thè forest, that is, thè graduai reproduction, 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 


LIGHT INTENSITY IN BEECHWOODS 


11 


and creates an artificial “rhythm”, a life cycle (rotatimi period) of long duratimi. 
In thè course of tliis activity, significant changes take place in thè liglit con- 
ditions. The species of thè underwood either adapt themselves to thè changes 
by their ecological tolerance, or perish. The tracing of changes occurring in thè 
liglit chinate of a beechwood during a whole rotation period (some 140 years) 
is not possible in a lifetime. Therefore, in thè course of thè development of thè 
forest, we cliose three beechwood stands of different ages for thè reproduction 
of thè liglit effects on thè undergrowth. 

Our investigations attempted to acquire information, on thè one liand, 
on thè liglit effect that exerts influence upon thè herbaceous layer in beech- 
woods, on thè quantity of liglit endured by thè plants during thè spring (during 
their reproductive life cycle) and on thè changes of light conditions during thè 
later pliases of thè vegetative period. On thè other hand, we examined thè 
changes in light effects on thè undergrowth occurring witli thè changes in thè 
age of thè beech forest; further, we examined at wliat time (in wliich vegetation 
period) thè woods of thè individuai age period excel according to light intensity 
(“lighest” and “darkest” stands), at what time thè light intensity differences, 
following from tlie differences in thè age of thè woods (resulting also in thè 
differences of stand structures) are thè most expressed. 


Material and niethod 

According to our aims outlined above, light measurements were made 
in 1974, during thè whole vegetation period of three adjacent beechwoods of 
different ages and stand structures (thè first one young, thè second of middle 
age, thè third old; see Figs 1 3). The measurements were carried out in thè 

undergrowth, at thè grasslayer (at a lieight of 50 cm). For estimating thè 
quantity of light arriving at thè top of thè forest, we made measurements, 
parallel witli tliose in thè forest, on a nearby 300x600 m clearing, also at a 
lieight of 50 cm, beginning witli thè end of Aprii. 

On thè basis of previous considerations, we marked thè sampling area in 
thè Mts. Pilis, in thè range of thè Vòròskd at thè village of Talli; (latitude 
47°46', 350 in a.s.l.). Owing to thè cold and humid microclimate, tliere grows 
here an extensive extrazonal beechwood of a northern, valley bottom character; 
accordingly, we made transsects of identical expositions in thè individuai stands 
(1, 2, 3). During thè sampling, we took to thè extent of our possibilities, certain 
basic requirements into consideration, as for example thè satisfactorily large 
number of measuring points, and thè identical canopy structure of thè various 
forest stands. One 64 m long transsect consisted of 32 pieces of 2 X 2 in squares. 
Light was measured in thè middle of thè square, at thè sanie point, at every 
half minute (32 readings during 16 minutes per stand). 
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The measuring instruments used were: a JU 16 selenic-celled photo- 
electric lux-meter in thè three forest stands, while in thè clearing a PU 150 lux- 
meter. The instruments were calibrated and no correction was necessary during 
thè year. In thè clearing thè receiving surface of thè instrument was shaded. 
Thus in thè clearing we obtained I 0 total diffuse liglit intensity values, and in 

thè forest I absolute and -100 relative “forest diffuse” light intensity 

Io 

values. Therefore we measured on thè floor of thè forest thè light diffused by 
thè forest (I) and compared it with thè diffuse light measured in thè clearing 
(I 0 ) (Anderson 1966). 

In thè light climate of forest plant stands diffuse light, its quantity, dis- 
tribution and changes in space and time is of decisive importance. The fact tliat 
diffuse light Comes to thè forefront against thè direct light is illustratcd by thè 
following data: 



Fig. 1, The young experimental beechwood stand (Photo: T. Simon) 
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20° 

50° sunheight 

cloudy (diffuse) 

500 lux 

6500 lux 

clear (direct + diffuse) 

230 lux 

4800 lux 


Under clear conditions, on thè forest floor thè direct sun-flecks were 
avoided in agreement with Evans’ inethod (1956). For, according to our 
measurements, in clear weather in thè spring, at 30° sunheight, thè light 
intensity differences between sunflecks and party shaded or shaded parts on 
thè wood floor are 5 8-fold. We recorded thè weather condition at every 
measurement, and also estimated thè cloudy state. The character, distribution 
and quantity of light on clear, cloudless, or overcast, evenly or tliinly, or more 
thickly clouded days are so different and incomparable that we always evalu- 
ated only similar data obtained during weather conditions corresponding to one 



Fig. 2. The middle aged experimental beechwood stand (Photo: T. Simon) 
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another. Measurements taken in windly weatlier, or on days of cloud-drifts, 
were left out of further evaluations (Anderson, 1966). 

In thè wood stands and in thè clearings, one measurement belonged to 
every 10° sunheight; thè fonr workers, using stoppers, carried on thè recording 
at identical, time moments synchronous. 

In spring, at thè time of exfoliation, thè measurements were taken every 
10 days, while later on every month. The daily data processing of some 800 
1000 values was made by machines ODRA. Randomly arranged variance 
analysis (SvÀB, 1973) was used to clieck thè efficiency of thè three treatments 
(stands 1, 2, and 3). 

The phenological conditions of thè wood canopy and thè undergrowth 
were under observation during thè whole vegetation period, but these exami- 
nations, as well as tliose directed towards thè light-ecophysiological adaptation 
of thè species in thè undergrowth, will be thè subject of another paper. 



Fig. 3. The old matured experiinental beechwood stand (Photo: T. Simon) 
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The heechwood stands of thè sampling area may he classified as unmixed, 
shrubless, semidry and fresh heechwood types (Ma.jer, 1968). Tln‘ three stands, 
with a herbaceous undergrowth at thè grasslayer, represent three different 
stages in thè growth of thè wood. The total coverage of thè grasslayer species 
is of a 20% maximum, and thè ground is covered with thick litter. The wliole 
region is under regular forest culture. 

1. Youngish stand, about 20 year old forest. The canopy is already satis- 
fied, and it was partial cut in 1974. The foliage coverage is 10/10, thè 
generai trunk distance 2 m, thè average diameter 5 cm at cliest heiglit, 
thè generai heiglit 8 m. Asperula odorata , Carexpilosa , and Melica uniflora 
are characteristic of thè grasslayer; there is no spring aspect. 

2. Middle-aged stand, 40 50 year old forest. Foliage coverage 8/10, 

generai trunk distance 6 8 m, generai diameter 16 cm at chest heiglit, 

generai heiglit 25 m. The grasslayer is poor, with a spring aspect of 
Dentaria bulbifera , followed by Asperula odorata , Viola alba , and Carex 
pilosa. 

3. Old, matured stand, older than 120 years. Foliage coverage 9/10, generai 
trunk distance 12 m, generai diameter 44 cm at chest heiglit, generai 
heiglit above 30 m. Boles standing apart, with an extensive lateral 
branchy canopy. Grasslayer ridi, best among thè three stands. An ex- 
pressed Dentaria bulbifera aspect is followed by Carex pilosa , Melica 
uniflora , Asperula odorata , Lamiurn galeobdolon , etc. There are a great 
number of beecli seedlings. 

The time of exfoliation sliifts in timi* with thè age of thè forest. The 
younger stand buds, and produces it foliage earlier than thè older ones. It is 
characteristic of all three stands tliat thè ecotypes of beecli budding earlier 
and later occur together. 


Results and discussion 

Olir measurements were made between 3 Aprii and 20 November, 1974, 
during tlie wliole vegetative period. During tliis time, thè duration of days 
changed between 9 and 16 liours, while thè daily maximum of sunheight 
changed between 20° and 60° (in a 10° breakdown). 

The light conditions on thè floor of thè three heechwood stands (1, 2, 3) 
and those on clearing (4) are summarized in Table 1. The figures given in thè 
cells of thè Table are thè average of light intensity values originating from 32 
measurements related to light arriving at thè floor of thè forest 1, and in thè 
clearing of thè forest, I () . These light conditions occur on thè floor of thè forest, 
and from tliem inferences can he drawn on thè light ecologica! conditions of thè 
undergrowth. 
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Table 1 


Light intensity means related to one sampling square (I), according to sunheight categories and thè daily means (IO 2 lux) 

(a) age-groups: (1) young, (2) middle-age, (3) old stand. (4) clearing (b) sunheight 
Symbols of thè weather situation: o clear, cloudless sky; 0 clear, sky with cloud-drift; □ overcast, thin clouds; 0 overcast, thick clouds 



b 10° 

20° 

30° 

40° 

50° 

60° 

50° 

40° 

30° 

20° 

10° 

Average 

IV. 3. a 

0 

o 

O 

O 




o 

O 

O 



1. 

24.08 

54.90 

100.53 

111.53 




79.33 

53.21 

42.56 


66.59 

2. 

25.32 

82.50 

74.12 

92.53 




87.80 

51.78 

27.18 


63.03 

3. 

34.68 

76.96 

101.90 

106.30 




67.66 

30.75 

18.53 


62.40 

IV. 12. 

0 

0 

0 

0 

0 



0 

0 

0 

0 


1. 

7.35 

20.18 

18.90 

38.37 

22.50 



16.27 

11.43 

23.18 

15.93 

19.34 

2. 

11.84 

30.62 

42.68 

43.84 

33.12 



17.81 

24.50 

21.25 

9.32 

26.11 

3. 

10.81 

20.57 

24.62 

27.15 

20.23 



9.68 

15.81 

12.56 

9.51 

16.77 

IV. 23. 

0 

o 

o 


□ 


□ 

□ 

o 

o 



1 . 

5.95 

8.07 

13.51 


18.80 


19.82 

19.51 

13.62 

8.44 


13.46 

2 

12.13 

24.26 

33.96 


28.33 


31.94 

23.64 

18.93 

11.24 


23.05 

3. 

10.78 

18.64 

17.96 


14.04 


15.28 

9.88 

6.99 

5.10 


12.33 

4. 

51.12 

64.93 

92.25 


147.37 


208.43 

128.81 

117.31 

100.75 


Ì 114.81 

V. 15. 


0 

o 

o 

o 

o 

0 

0 

0 

0 



1 . 


2.64 

3.86 

4.06 

3.74 

5.74 

5.12 

5.49 

3.45 

3.03 


4.12 

2. 


4.48 

5.56 

6.07 

4.55 

4.13 

3.08 

4.74 

3.70 

2.55 


4.32 

3. 


5.22 

5.71 

6.92 

4.52 

4.41 

2.03 

4.37 

3.11 

2.91 


4.35 

4. 


113.62 

134.50 

161.18 

166.13 

136.43 

129.31 

186.12 

152.62 

115.43 


143.92 

VI. 20. 



o 

o 

0 

° 

o 

0 

0 




1 . 



2.59 

3.85 

4.49 

4.30 

4.69 

4.00 

2.44 



3.76 

3. 



4.23 

5.18 

4.64 

3.68 

2.96 , 

2.13 

1.24 



3.43 
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4. 



136.40 

177.56 

163.62 

VII. 23. 



□ 

0 

0 

1 . 



3.84 

2.63 

7.23 

2. 



5.36 

3.56 

6.98 

3. 



6.00 

3.80 

7.00 

4. 



325.36 

241.87 

184.21 

IX. 17. 


o 

o 

o 


1 . 


4.32 

5.14 

5.97 


2. 


2.81 

2.85 

3.03 


3. 


2.91 

2.82 

2.59 


4. 


70.60 

103.81 

139.62 


XI. 20. 


□ 




1 . 


68.62 




2. 


58.68 




3. 


47.87 




4. 


93.68 





162.28 

155.15 

164.56 

106.84 


152.34 

0 

o 

□ 

□ 

□ 



4.14 

8.50 

1.37 

4.21 

1.13 


4.13 

3.82 

5.38 

1.36 

3.53 

1.05 


3.88 

3.84 

5.81 

1.65 

2.88 

1.23 


4.03 

257.50 

252.90 

105.90 


104.90 


210.37 



0 

o 

o 





5.32 

5.55 

4.18 


5.08 



2.71 

2.57 

1.82 


2.63 



2.24 

1.83 

1.36 


2.29 



127.75 

100.75 

65.62 


101.35 





□ 







60.28 


64.45 





38.31 


48.50 





40.15 


44.01 





115.12 


104.40 
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By a comparison between light values I and I 0 appearing in thè column 
of average in Table 1, it can be stated that in thè beechwood of our study 
merely 50% of thè total light arrives at thè forest floor (without consideration 
to age groups) in thè leafless state 20 Nov. Therefore half of thè light is ab- 
sorbed by thè trunk-branch zone. This is a surprisingly low value if related to 
oakwoods; Gorysina (1969) gives 45 90% for oakforests. In thè period of 

exfoliation it is 14% of thè total light that arrives at thè beechwood floor 
(23 Aprii); at thè time of thè full foliage (from thè middle of May to thè end of 
September), thè relative light condition on thè beechwood floor is not con- 
sistent; in May (15th) and September (17th) it is equally 3%, while in June 
(20th) and July (23th) it does not reach thè 2%-value. The quantity of light 
transmitted or absorbed by leaf-surfaces of thè same size varies with thè 
thickness of thè leaves. 

Distributions in thè relative light conditions of thè beechwood floors of 
different age,- • 100, are as follows: 

Io 



1. 

2. 

3. 

Spring, Aprii and May (exfoliation) 

10.8 

20.2 

12.0 

Summer, June —September (full 
foliage) 

(but thè yearly minimum) 

3.1 

(1.3) 

2.3 

(1.5) 

2.2 

(1.6) 

Autumn, November (wholly leafless) 

61.9 

45.9 

42.1 


Compared to oakwoods (Gorysina, 1969), thè leafless beechwood floor is 
characterized not only by low relative light conditions, but also by its nar- 
rower extent (40 60%). 

As regards thè yearly course, thè most fundamental regularity in thè 
radiation and light conditions of deciduous forests is that in thè vegetative 
period thè light period of early springtime is followed by thè shadeperiod of 
summer (Egle, 1937; Tranquillini, 1960). Following thè more detailed 
division by Gorysina (1974), and according to our experiences, thè light con¬ 
ditions of thè beechwood in thè vegetative period may be grouped as follows: 

1. Spring sunlight phase 

II. Transitional phase (thè period of exfoliation) 

III. Summer phase poor in light 

IV. Autumn rise 

I. In springtime, an 8 10-fold summer illumination arrives at thè 
beechwood floor, while only 5 8-fold in oakwood (Gorysina, 1974). 
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Tabie 3 


Variance analysis of thè relative light intensity values • 100. (Symbols as before in Table 2) 




















































Table 4 


Significant differences in thè means of absolute light intensities I in thè three stands # ** n 10 / *** p n io/ 

(a) date; (b) sunheight; (1) young; (2) middle-age; (3) old stand. Within one celi thè light average on thè main diagonal; right-side semimatrix: their differences; left-side semimatrix; their significarne levels: P < 5/ 0 ; P < l/ 0 ; P < u * A /o 



Table 5 


Significant differences in thè means of thè relative illuminations - • 100 in thè three age groups (Symhols as before in Table 4) 
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II. This phase is not sharply delimited from thè preceding and thè 
succeeding ones. The length and character of this phase is thè function of thè 
weather conditions of thè given year; thè unevenness of thè latter can modify 
it to a great extent; in 1974, for example thè second half of March and Aprii 
were very mild and warm, thè beech buds hurst one month. It is common 
knowledge that thè two ecotypes of Fagus silvatica do not produce leaves at 
thesame time; in thè early warmth thè “early beech” ecotype individuata carne 
into leaf early, then, in thè coldness that followed, thè exfoliation slowed 
down and reached its full state only by thè middle of May. Thus thè transitional 
phase was considerably protracted. This phase is thè period of foliage develop- 
ment; thè light conditions of thè floor of thè three stands changed extensively 
during this time. As against thè spring period, substantial re-arrangements 
took place in thè light conditions (thè lighest, thè darkest) of thè individuai 
stands. By thè end of this phase light conditions develop which become 
Constant during thè summer. According to thè Tables, most of thè significant 
differences occurred in this period, frequently in thè case of all three 
stands. 

III. The light conditions of thè summer phase poor in light, lag by one 
order of magnitude behind those of thè spring and thè autumn (Table 1). 
Light conditions on thè forest floor showed a tolerable consistency (Tables 2 
and 3); concerning thè daily course, this period is of thè most homogeneous 
light diffusion at thè grasslayer, and also thè differences according to age 
groups are — relatively — less frequent (Tables 4 and 5). This is one of thè 
most important results of thè examinations, namely, that thè difference 
between thè various age groups is great in thè transitional vegetative period; 
it is greater than at thè time of thè fully developed foliage. 

IV. This phase is represented by thè late autumn measurement (when, 
owing to a low sunposition only thè 20° altitude could be measured by our 
method). The daily average of thè light intensity is similar to that recorded in 
early spring. 

While Table 2, dealing with thè absolute light values of I displays thè 
variability concerning thè undergrowth of thè three forest stands, Table 3, 


constructed on thè basis of — • 100 relative light values, is characteristic of 

Io 

thè optical features of thè forest stands; at thè same time, it expresses thè 
light received by thè undergrowth less concretely than thè absolute illumi- 
nation. The canopies of differing structure (“treatments” 1, 2, and 3) do not 
economize identically wùth thè same quantity of light I 0 . Therefore, a com- 
parison between their absolute and relative values is not wholly identical 
either (Tables 2 — 3 and 4 5). In summer, during noon time hours and 

at great sunlight (June, July, 40—50 60°) thè differences between thè in¬ 

dividuai age groups, deriving optical structure, are smaller (Table 3., they 


2* 
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develop on fewer occasions) than thè differences in thè values of light actually 
received on thè forest floor (Table 2). At thè same time, thè differences ex¬ 
pressing thè differing optical structure before and after thè exfoliating period 
are greater than those of thè actual light intensity in thè undergrowth of thè 
three stands. 

Concerning thè absolute light intensity values of I, thè differences are thè 
most expressed in thè morning and forenoon hours, while under thè effect 
of greater sunheights thè means tend to overlap. The best example of this 
happened on 20 June, when at 60° not even thè young and old stands repre- 
senting thè two extreme age groups were significantly different from each 
other. Measurements after thè noontime hours also tend more towards a 
decrease in thè differences, for as a result of locai configurations of thè 
terrain thè sun sinks behind thè mountains relatively early; thus, in thè 
afternoon measurements it is rather thè diffuse radiation that Comes to thè 
forefront, even in clear weather, which as is well known tends to resolve 
thè differences in light intensity. An extreme example of this was on 23 July, 
at 20° (afternoon), when no significant difference occurred in any of thè three 
stands. Therefore, thè measurements belonging to forenoon sunheights of 10, 
20, 30, 40° are more informative. Our remark made above refers equally to 
thè leafless spring and autumn and to thè exfoliated summer States. The 
asymmetry of such curves of thè daily courses is partly a result of thè locai 
configurations of thè terrain. 

In thè formation of thè light conditions according to seasons we found 
that in spring thè middle-age group was lighter than thè other two, while in 
summer and autumn thè young stand proved to he lighter (Fig. 4). 



Fig. 4. Relative light intensity conditions on thè forest floor of thè three stands of different 
age-groups in thè vegetation period. 1: young stand; 2: middle-age stand; 3: old stand 
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The relative light intensity of thè undergrowth of thè three age groups, 

I 

in thè vegetative periodi, — • 100, is shown in Fig. 4. In summer, thè courses 

Io 

of thè curves approach one another, that thè differences detectable in spring 
and autunni are not significant in thè case of any of thè stand pairs. 

In spring, thè smaller similarity appeared between thè young and old 
stands, while thè more significant summer correspondence was detected 
between thè stands of middle- and old-age groups. We bave observed that 
prior to exfoliation, thè trunks and branches of thè young and old stands may 
cause similar light conditions as well in a stand of densely standing young 
trees with slender trunks and sparse canopy as in a stand of older ones with 
thick boles and widely ramifying branches, and that thè trunks and branches 
decrease more drasticaly thè light arriving at thè floor of thè forest than in 
thè case of a stand of trees of thè middle-age group with an intermediate 
trunk-branch structure. The stand of middle-age group appeared to be thè 
most abundant in light prior to attaining complete foliage. Concerning thè 
relation between thè young and old woods, it might have been expected, in 
view of their liabit, that in thè young stand thè very densely spaced trunks 
would hinder thè arrivai of light at thè forest floor; thè fact that thè floor of thè 
young forest is not definitely poor in light during spring and autumn follows 
from thè young trees being short, with thin branches and a small canopy. 

In full summer foliage on thè other hand, thè young forest, producing a 
vertically less discrete foliage composed of smaller, thinner, and brighter 
leaves, can be characterized by higher light values at thè grass layer during 
thè season. The relative abundance of light during in thè young stand may 
have an influence on thè survival of undergrowth species with a long vegetative 
period (species in generai of thè hemicryptophyton life form). Our finding 
that thè rate of geophytons in thè undergrowth of thè young forest is mudi 
smaller, and that there is no definite spring aspect, is in agreement with those 
said above. 

The relatively greater difference in light intensity (deriving mainly from 
differences in trunk distance) between thè old and middle-age group stands 
during springtime cannot be detected in summer, indeed thè light intensity 
difference in thè old and middle-age stand floors is not even significant in 
50% of thè measurements. It can inferred therefore that in thè leafless state 
thè trunkbranch structure is decisive; in thè leafy state their effect is much 
smaller; concerning foliage-structure, thè old and thè middle age stands are 
nearer to each other, thè young stand differs from them; concerning trunk¬ 
branch structure, thè old and thè young stands show similarity. 
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Summary 

During thè whole vegetation period in 1974, light intensity measure- 
ments were made on thè floor of beech stands of three different age-groups, and 
on a nearby clearing. Our results can be summarized as follows: 

1. Beechwoods in thè leafy state decrease thè light received on top: in 
summer by two orders of magnitude, while in spring and autumn by one order 
of magnitude. 

2. On thè beechwood floor, thè difference in light intensity between thè 
leafy and leafless States is only of one order of magnitude, and this follows 
from thè leafless state being relatively poor in light. 

3. During thè vegatative period, in spring and autumn (at thè time of thè 
two incompletely leafy States), light intensity differences between thè age- 
groups are characteristic, while in summer, in thè leafy state, thè differences 
become partically indistinct, in light conditions on thè forest floor. 

In spring, thè light conditions in thè young and thè old stands are 
similar to each otlier, both woods are “dark”; in summer and autumn, thè 
middle-age and old-age stands show greater similarity. 

4. The character of thè trunk-branch structure in thè young and thè old 
stands in spring lead to thè formation of similar light conditions; thè foliage 
structure causes similar light conditions in thè middle-age and old-age 
stands. 

5. Until thè leafy period, thè young stand is relatively darker, then 
relatively lighter; thè more uniform light conditions are assumably also 
responsible, together with other dynamical processes, for thè absence of thè 
geophyton aspect. 

6. During thè whole vegetation period thè daily courses of light intensity 
are not symmetric; this is attributable to thè effect of thè locai configurations 
of terraine. The morning and forenoon readings (at sunheights of 10, 20, 30, 
40°) represent thè light intensity differences following from thè diverse optical 
structures of thè three stands. These readings are more informative in com- 
parison with thè noon and afternoon readings. 
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The present paper deals with thè growths of light- and shade-adapted shoots 
and leaves as expressed in area and dry weight of thè two tree species, Quercus petraea 
and Qu. cerris , both study objects of thè Sikfokut Project. Biweekly or inensually 
collected data during thè 1973 vegetation period were based on optical planimetrical 
and dry weight measurements which permitted to trace thè development of leaf and 
shoot production and thè loss of material due to caterpillar feeding. Since thè number 
of sampled leaves were known, thè obtained data could he transposed per hectare. 


Research in thè field of ecosystems has always emphasized thè importance 
of comprehensive investigation of green plant parts active in thè photosyn- 
thetic process. Annual analyses of leaves and shoots most frequently focus on 
arcai and weight measurements based on a suitable number of samples, 
allowing inferences on thè development of leaf and shoot production respec- 
tively. But thè same measurements point to thè various growth parameters 
descriptive of thè growth of individuai green parts and to thè interrelationship 
between thè photosynthetic apparatus and production (Blackman, 1919; 
Briggs — Kidd West, 1920; Watson, 1952; Coombe, 1960; Jarvis, 1963; 
Williams, 1964; Blackman, 1968; Kvét Ondok Necas —Jarvis, 1971 and 
others). In this study, thè authors publish thè results obtained during their 
research on leaves and shoots in thè climate zonal Quercetum petraeae-cerris 
forest, near Eger, on thè hilly land between thè Great Hungarian Plain and thè 
North Central Mountain Range of Hungary. The woodland was assigned to be 
thè model of investigation (Sikfokut Project), a part of thè research prograinme 
“Man and Biosphere” (see Jakucs, 1973; Jakucs Horvàth Kàrasz, 1975, 
B. Papp, 1975, et al.). Measurements of area and weight were taken simulta- 
neously on light- and shade-adapted shoots ofthe two dominant tree species. 
Investigations also included thè temporal changes in site of whole leaves and 
of those damaged by caterpillar. 

* “Sikfokut Project” No. 18 
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Sampling 

The principles governing thè sampling procedure was planned to have 
thè data representating thè entire forest of a rather homogeneous appearance. 
Three sample trees have been selected from each of thè two species (each trce 
being 65 years old, of similar habit and of similar location within thè environ- 
ment, etc.). Sampling was made on ten occasions during thè vegetation period. 
Ten shoots were gathered from thè upperouter part of thè crown (light- 
adapted shoots) and ten shoots from thè lowerinner part of thè crown (shade- 
adapted shoots). Since thè majority of thè single shoots had 5 to 9 leaves, each 
sampling yielded 120 shoots, i.e. 800 to 900 leaves. 


Material and method 

The samples were grouped according to trees and light levels. The shoots 
were numbered, then thè lengtli of thè shoot axis and thè diameter at its 
middle measured, finally thè number of leaves belonging to each shoot counted. 
The material was preserved in thè pressed state. 

Leaf area measurements 

According to international usage, thè characterization of thè assimilating 
capacity of thè leaf is based not on thè entire leaf surface; it suffices to present 
thè measurements of only one side (thè area) of thè leaf. (Carlisle — Brown 
White, 1966). Leaf area was measured by electric optical planimeter. The 
device has been designed for this specific purpose (Czellar and B. Papp, 1975). 
Measurement precision is +1%. 

Measurement of thè damaged leaf area 

By thè end of spring and thè beginning of summer extensive caterpillar 
feeding could be observed in thè forset (see Fig. 1). Calculation of thè absent 
area was partly necessary to guarantee valid growth analysis and partly to 
estimate thè area and weight of green assimilating organs already nonexistent. 

Calculations were based on thè correlations between leaf length and leaf 
area, leaf width and leaf area, length times width and area (see e.g. Carlisle — 
Brown —White, 1966; Kubicek, 1971). In thè case of bothwhole and damaged 
leaves area measurements were done parallel witli leaf width and leaf length 
measurements as well. The whole leaf area of damaged leaves was computed 
by standard linear regression equations utilizing thè measured data pairs. 
The obtained data were evaluated by thè Computer Centre of thè Kossuth Lajos 
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Fig. 1. Moderately damaged leaves on thè shoots of Quercus petraea (photo: M. Szabó) 


University, Debrecen. With respect to each category, equations expressing 
thè closest relations (length times widtli area) were applied to calcitiate thè 
whole area of thè damaged leaves. In some instances, were a parameter owing 
to caterpillar feeding was not available, we applied thè equation pertinent to 
thè measurable datum.* 


Determination of thè shoot area 

Based on thè measured length and diameter, we calculated thè cylindrical 
surface area by thè formula 2rn- length. 


Weight measurements and thè determination of thè originai weight of thè damaged 

leaves 

The material was desiccated at 85°C for 48 hrs, then measured. In order 
to be able to reconstruct thè originai weight of thè damaged leaves first thè 

* It should be remarked that in order to obtain more concise values when computing 
regression equations dose attention had been paid to thè degree of development of thè 
individuai leaves on thè various shoots, with reference to thè light- and shade-adapted leaves 
of thè two tree species. Accordingly, thè leaves were grouped, counting from thè shoot apex, 
into thè groups 1—3, 4—6, 7—9, 10—18. Preliininary calculations gave significant differences 
between all groups. 
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weight of an area of 1 cm 2 was figured. With thè aid of this calculation thè 
weight of thè sound leaf area for each leaf could be determined by thè re- 
gression equation as well as thè weight of thè entire set of leaves produced on 
one shoot. 


Results and discussion 

Seasonal changes in thè average leaf area and weight of thè reconstructed 
as well as of thè damaged leaves for both oak species with respect to different 
light levels are given on Table 1 and illustrated in Fig. 2. Data displaying areal 
and weight variations of medium developed shoots (thè mean of 30 shoots per 


Table 1 


Seasonal changes in thè mean value of ivhole reconstructed and damaged leaf areas 
and weights of Quercus petraea and Quercus cerris in 1973 




Area in cm 2 



Weight in g 



light 

shade 

ligi»* 

shade 


whole 

caterpillar 

damaged 

whole 

caterpillar 

damaged 

whole 

caterpillar 

damaged 

whole 

caterpillar 

damaged 

Qu. p. 

Apr. 18 

2.25 


3.13 


0.0191 


0.0202 


May 4 

17.93 

16.07 

30.50 

27.90 

0.0877 

0.0863 

0.1065 

0.0964 

10 

24.72 

17.83 

27.26 

22.41 

0.1393 

0.0975 

0.1234 

0.1020 

24 

26.05 

21.62 

35.61 

32.08 

0.1967 

0.1630 

0.1789 

0.1581 

June 13 

22.70 

15.42 

29.99 

23.67 

! 0.2241 

0.1515 

0.2061 

0.1806 

27 

20.33 

15.06 

30.71 

26.27 

! 0.2155 

0.1573 

0.2158 

0.1834 

July 27 

21.24 

16.49 

28.84 

22.26 

0.2454 

0.1914 

0.2324 

0.1775 

Aug. 23 

20.49 

16.98 

28.96 

24.14 

0.2207 

0.1852 

0.2004 

0.1662 

Sept. 26 

19.47 

15.43 

28.86 

22.66 

0.2297 

0.1838 

0.2486 

0.1890 

Oct. 17 

25.72 

19.64 

26.69 

23.67 

0.2578 ; 

0.1964 

0.1743 

0.1558 

Qu. c. 









May 4 

2.23 

0.58 

2.23 

0.58 

0.0172 

0.0043 

0.0172 

0.0043 

10 

8.21 

7.35 j 

11.23 

8.13 

0.0586 

0.0487 

0.0520 

0.0379 

24 

13.64 

n.82 : 

17.43 

15.87 

0.0925 

0.0820 

0.0931 

0.0848 

June 13 

14.23 

13.41 

19.23 

14.87 ; 

0.1298 ; 

0.1225 

0.1211 

0.0937 

27 

13.33 

11.75 i 

16.25 

13.33 i 

0.1523 1 

0.1281 

0.1042 

0.0850 

July 27 

13.36 

10.04 ; 

20.04 

18.83 

0.1684 

0.1260 

0.1338 

0.1254 

Aug. 23 

13.50 

11.37 

18.04 

14.47 

0.1672 

0.1411 

0.1406 

0.1136 

Sept. 26 

11.85 

9.31 

18.38 

13.89 

0.1482 

0.1171 

0.1417 

0.1080 

Oct. 17 

16.16 

13.02 

18.89 

14.62 

0.1559 

0.1253 

0.1236 

0.0974 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 
























LEAF AREA AND WEIGHT OF QUERCUS PETRAEA AND QU. CERRIS 


29 


tree) occurring during a given period are shown on Table 2 and illustrated in 
Fig. 3. The area of a single shoot represents thè sum of thè calculated area of 
thè shoot axis and of thè entire set of reconstructed leaves. The weight of thè 
shoot equals thè dry weight of thè shoot axis and thè dry weight of thè sound 
leaf area. 

Development of thè area 

The data unambiguously indicate that thè area of thè shade-adapted 
leaves is significantly larger than that of thè light-adapted leaves. The primary 
cause is presumably also thè inhibitive action of thè light exerted on thè 
leaves exposed to thè more intense and direct radiation in thè upper levels. 


Table 2 

Seasonal changes in thè mean value of reconstructed area 
and weight of light- and shade-adapted shoots of Quercus petraea 
and Quercus cerris and thè percentual extent 
of caterpillar induced damage calculated for shoot leaves in 1973 



Are in cm 2 

Weight in g 

Extent of damage in % 

light 

shade 

light 

shade 

light 

shade 

Qu. petraea 







Apr. 18 

17.64 

21.14 

0.1754 

0.1539 

— 

— 

May 4 

110.04 

169.96 

0.6341 

0.6273 

11.55 

7.71 

10 

153.61 

157.19 

0.8994 

0.8882 

27.11 

16.84 

24 

157.18 

222.64 

1.2426 

1.1941 

18.07 

9.72 

June 13 

162.79 

160.61 

1.7061 

1.2781 

38.41 

19.09 

27 

160.39 

174.90 

1.9133 

1.2932 

19.56 

12.85 

July 27 

164.08 

178.49 

2.1063 

1.5380 

22.90 

23.03 

Aug. 23 

145.22 

170.05 

1.7319 

1.2811 

17.71 

11.07 

Sept. 26 

141.15 

168.74 

1.9160 

1.4947 

21.55 

21.47 

Oct. 17 

157.80 

150.45 

2.1161 

1.0472 

21.98 

12.37 

Qu. cerris 







May 4 

17.42 

17.42 

0.1431 

0.1431 

1.95 

1.95 

10 

51.43 

64.68 

0.3708 

0.3263 

5.58 

1.93 

24 

89.52 

92.03 

0.6093 

0.5293 

3.76 

5.60 

June 13 

94.33 

104.50 

0.9257 

0.7131 

6.34 

9.58 

27 

85.37 

89.43 

0.9317 

0.6279 

8.56 

14.60 

July 27 

81.25 

104.09 

1.0969 

0.7552 

8.21 

5.80 

Aug. 23 

98.66 

91.09 

1.3656 

0.7712 

12.82 

11.53 

Sept. 26 

116.03 

118.91 

1.7574 

1.1184 

8.62 

12.86 

Oct. 17 

79.31 

104.76 

0.8417 

0.8238 

6.69 

8.72 
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Fig. 2. Seasonal modification of reconstructed area and weight of light- and shade-adapted leaves of Quercus petraea (solid line) 

and Quercus cerris (dotted line) 
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. 3 . Seasonal change of reconstructed area and weight of light- and shade-adapted shoots of Quercus petraea (solid line) co 
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However, in thè cited case one may also assume that not only radiation effects 
but thè xerothermic character of thè microenvironment also plays a role in thè 
retarded development of leaf area. 

Leaf growth of Quercus petraea is very rapid during thè spring and by thè 
end of May both thè light- and shade-adapted leaves have almost reached full 
development. A later difference of size between thè light- and shade-adapted 
leaves appears at thè end of May when foliage is completely developed and its 
stratifications according to light intensity levels becomes more pronounced. 
Leaves whieh have reached their fully developed and maximum area by thè 
end of May experience an abrupt decrease of average dimensions in June, and 
this state scarcely alters during thè subsequent vegetation period. Tliis re- 
gression is significant primarily in thè case of shade-adapted leaves and could 
be observed only in thè case of Quercus petraea. The reason obviously lies in thè 
fact that thè average area of thè great number of fresh and young leaves, de- 
veloping in May and June after thè extensive caterpillar damage, is rather 
small. 

From June till autumn thè leaf area showed little variation in size; their 
areal growth had been essentially completed. Nevertheless, in thè uppermost 
stratum a sudden increase of leaf area for both species could be noticed in 
October. To identify thè principle underlying this phenomenon further re- 
search is necessary. 

Leaf development in Quercus cerris started approximately two weeks 
later. Maximum areal values were reached only by thè middle of June. In thè 
case of shade-adapted leaves a regression in thè areal growth process has set 
in at thè end of June and thè maximum was reached in July, a fact perhaps 
related to thè second leafing following damages caused by caterpillar. The leaf 
area of Qu. cerris is considerably smaller than that of Qu. petraea , a charac- 
teristic of this species. 

The shoot area has reached its maximum in tlie middle of May and June, 
respectively, for both tree species. Nearing thè end of thè vegetation period 
areal regression becames noticable. At summer’s beginning, thè areal loss of 
shade-adapted shoots associated with caterpillar damage was perhaps more 
extensive than in thè case of leaves. 

Changes in iveight 

Changes in dry weight of thè leaves and shoots in thè course of time 
showed an entirely different picture than areal modifications. During thè 
spring season gain in weight was slighter, more graduai. Generally thè maximum 
in both light levels was reached by thè representatives of thè two different 
species by thè end of July and thè beginning of August. Deferment of leaf 
development had considerably less influence on weight regardless of thè species. 


Acta Botanica Academiae Scientiarum Hungaricac 21, 1975 


LEAF AREA AND WEIGHT OF QUERCUS PETRAEA AND QU. CERRIS 


33 


After maximum weight had been reached, no significant change occured. At 
thè end of thè vegetation period, in October, weight decrease has set in which 
can be explained by thè translocational processes of thè fall season. Decrease 
of weight was most significant in thè case of thè shade-adapted shoots, in 
contrast to even a slight growth of liglit-adapted leaves of Quercus petraea 
(where also an arcai increase occurred). 

The weight of thè light-adapted leaves was always more consideratile 
than that of thè shade-adapted leaves, witli thè exception of thè early spring 
period wlien thè density and shading effect of thè canopy is less prominent. 
The collected data reflect thè pattern that despite their smaller area thè 
accumulation of organic matter is more intense in thè light-adapted leaves 
although their area is smaller than in tlie shade-adapted leaves (this can be 
especially expressed in thè case of Qu. cerris). Thus photosynthetic activity 
decreases in thè lower stratum of thè crown (according to Dylis Karpov- 
Tzellniker, 1966, it is occasionally merely one tenth of that occurring in thè 
light level). There can be no doubt, however, that no complete and precise 
explanation can be given without regard to respiration and translocation 
“losses”. The greater average weight of light-adapted leaves can be related 
also with thè more advanced development of thè assimilating tissues, of thè 
palisade parenchyme layer, and thus of their thickness. One may also assume 
that excess weight is due to inclusions, mainly of thè presence of Ca-oxalate 
crystals. This, however, is contradicted by thè analysis of thè minerai content 
of light-adapted leaves which indicates that more Ca is always detectable in 
shade-adapted leaves (B. Papp, ined.). 

Seasonal changes in shoot weight show a tendency similar to that of 
leaves. Based on thè total number of leaves, thè reconstructed total leaf and 
shoot area, respectively, and their dry weights per hectare are summarized 
below. (The number of leaves has been supplied by B. Papp, for September 
1973; thè authors have calculated areal and weight data based on thè mean 
values obtained in thè light and shade levels also for September). 


^ Number/hectare 

m 2 /ha 

kg/ha 

leaf 

27 897 000 

67 427 

6 673 

Quercus petraea 




shoot 

4 649 500 

72 044 

7 929 

leaf 

5 481 250 

8 288 

795 

Quercus cerris 




shoot 

783 000 

9 198 

1 126 


3 
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Extent and effect of caterpillar feeding 

Based on whole leaf area and thè reconstructed area of caterpillar-eaten 
lcaves on thè shoots 30 shoots per light levels we computed thè percentage of 
damage for each sampling period and for both tree species (see Table 2). 

The data point to thè fact that especially in thè case of Qu. petraea 
damages caused by caterpillar were consideratile (Fig. 4). Furthermore, 
caterpillar damage reached its climax twice during thè vegetation period in 
thè forest ecosystem; thè first climax at thè beginning of May, thè second in 
thè middle of June. Damage induced in thè spring was due chiefly to Tortrix 
viridana and to a lesser extent to Hybernia defoliaria. Maximum damage in 
June was caused by thè caterpillar of Lymantria dispar (Varga, personal 
communication). 

The maximum is always a function of weather conditions as well. The 
caterpillar of Tortrix viridana hatcli at thè beginning of Aprii, but damage on 



Fig. 4. Extent of caterpillar induced damage of thè light- and shade-adapted leaves of 
Quercus petraea (solid line) and Quercus cerris (dotted line) 
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a large scale could be observed only at thè beginning of May. This shift was 
due to thè coolish but dry spring. Field surveys indicated that thè light- 
adapted leaves and shoots suffered heavier damage than thè shade-adapted 
leaves and shoots, respectively. Shade-adapted leaves and shoots exhibitcd 
a damage peak at thè end of July, but thè degree of damage, as compared 
with thè first two maxima measured in thè light level, was notably less. The 
most likely explanation is that young leaves developing during thè second 
leafing period were more favoured by thè caterpillars than thè older, larger 
well-developed ones. Furthermore it may be connected also with thè de- 
struction wrought by thè gradation of Calymnia trapezina around thè end of 
of July and thè beginning of August. 

If thè damages, expressed in percentage, are compared for both oak 
species, it can be stated that Quercus cerris suffered considerably less than 
Qu. petraea. The main reason is probably that Qu. cerris starts to unfold its 
foliage about 2 weeks later, and this brief phenological difference offers a 
significant protective advantage for thè Turkey oak against Tortrix. Hatched 
by this time, thè caterpillars of this species were feeding on thè young leaves 
of Qu. petraea and migrated to trees of another species (e.g. to Qu. cerris) only 
in want of food. 

As a last remark, attention must be called to thè fact that thè authors 
have practically no data at hand on thè damaging affect, and thè extent of thè 
damage which larvae exert on buds. For it is evident that thè first enormous 
damage is caused in thè buds by thè minute caterpillars emerging from thè 
eggs. Accordingly, thè reai loss of potential assiinilating area is considerably 
greater than measurements have indicated. Bearing in mind that numerous 
leaves were completely devoured by thè caterpillars (in some cases even thè 
midrib was left in mutilated condition), it is justified to maintain that thè reai 
loss for one hectare is at least 10% greater than actually measured. 

Calculating thè loss of assimilating area and weight, respectively, for 
one hectare thè measurement data are as follows: 


_1 

% 

m 2 /hectare 

kg/hectare 

Qu. petraea 

I 

30.72 

26 421 

2 047 

Qu. cerris 

13.71 

1 257 

114 


In cognizance of thè reconstructed areal and weight data of thè total leaf 
numher, thè above values were calculated of thè basis of thè respective damage 
percentages (thè means of thè light and shade level maxima !). 

The given m 2 /ha and kg/ha values and thè percentage of material loss 
(thè extent of damage expressed in percentage) were probably 10% higher 
owing to thè reasons mentioned above (i.e., 41 and 24%, respectively). 


3 * 
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VERÀNDERTE KNOSPENENTWICKLUNG 
AN JOHANNISREEREN (RIBES SP.) BEI BEFALL 
DURCH DIE JOHANNISBEERGALLMILBE 
(CECIDOPHYOPSIS RIBIS WESTW.) 

Yon 

B. KAUSSMANN und U. FOCKE 

AUS DER SEKTION BIOLOGIE DER UNIVERSITÀT ROSTOCK, DDR 
(Eingegangen am 25. August 1974) 


The buds of Ribes species for thè next year appear already in spring. After thè 
vegetative phase (development of tegments and leaf prirnordia), thè shoot apex may 
be transformed into inflorescence. The development of buds infested with Cecido- 
phyopsis ribis Westw. is disturbed, and leaves and inflorescences fail to forni. The 
paper describes histogenetic deformations of proto- and subprotoderm and discusses 
thè causes of these phenomena. 


1. Die normale Ontogenese der Axillaren bei Ribes 

1.1. Vegetative Phase 

Bei den Ribes -Arten werden die Knospen fur das kornmende Jahr 
bereits im Frùhjahr angelegt. Der Yegetationskegel dieser Axillaren ist relativ 
klein und nur von wenigen Tegmentprimordien umgeben. Nach Beendigung 
der ersten Entwicklungsphase ist die fur viele Dikotylenscheitel charakte- 
ristische Schichtung der Meristeinkomplexe gut erkennbar (vergi. Zusammen- 
fassung bei Kaussmann 1963). 

Protoderin (Pr) und Subprotoderm (sPr) wachsen mit eigenen Initialen, 
die sich im Scheitelabschnitt der Sprossspitze nur antiklinal teilen. Seitlich kann 
es im Subprotoderm zu periklinalen Teilungen kommen, wodurch die Blatt- 
bildung eingeleitet wird. Die antiklinale Teilungsrichtung fiihrt zu einem aus- 
gepràgten Oberflàchenwachstum. 

Unterhalb des Subprotoderms befinden sich im Spitzenbereich die un- 
regelmàssig angeordneten, + vakuolisierten Zellen des Zentralmeristems 
(ZM). Sie teilen sich allseitig (Yolumenwachstum) und fiihren basai laufend 
Derivate dem Flanken- und Rippenmeristem (FM, RM) zu. Die Zellen des 
Flankenmeristems sind relativ schmal und intensiv fàrbbar. Aus den Ab- 
kòmmlingen dieses Meristems gehen die Prokambienstrànge und die primàre 
Rinde liervor. Das Rippenmeristem, dessen Zellen vergròssert und vakuolisiert 
erscheinen, liefert die Lang- und Kurzketten des jungen Markes. In einiger 
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Entfernung vom Spitzenmeristem werden die Blattanlagen ausgegliedert. Der 
Blattbildungsprozess beginnt mit der Streckung einiger subprotodermaler 
Zellen. Anschliessend setzt eine verstàrkte Teilungstàtigkeit im Flanken- 
meristem und im Subprotoderm ein. Das Protoderm beteiligt sicli nur durch 
antiklinale Teilungen an diesem Wachstum und iiberzieht als einfache, spàter 
die Epidermis liefernde Zellage die Blatthòcker (Bl) (vergi, auch Kaussmann 
1941, 1963). 

Gelegentlich ordnen sich die Zellen unterhalb des Subprotoderms in 
Lagen an, so dass der Yegetationskegel von mehr als zwei Zellagen umgeben 
erscheint. Das ist besonders dann der Fall, wenn der Apex kurz vor der Aus- 
gliederung einer neuen Blattanlage stark an Breite zugenommen hat (Maximal- 
flàche) oder auch bei Eintritt in die pràflorale Phase. Diese durch antiklinale 
Teilungen entstandenen Lagen sind instabil. 

Nachdem eine Anzahl Knospenschuppen gebildet wurden, entstehen 
zwei nebenblattlose Laubblàtter, die eine plikative Knospenlage zeigen. Zu- 
weilen kann die Laubblattbildung in den generativen Knospen bei Ribes 
rubrum (vorwiegend an weissfriichtigen Sorten) iibersprungen werden. Es 
erscheinen dann nach den Tegmentprimordien die Brakteen, in deren Achseln 
die Bliiten entspringen. 

An Ribes nigrum war diese Entwicklung niclit zu beobachten. In Aus- 
nahmefàllen koinmt es bei schwarzfruclitigen Sorten zu einer gewissen Fron- 
dositàt, da Bliitentragblàtter Laubblattgròsse und -forni erreichen kònnen. 
Diese Erscheinung kann z. B. an Terminalknospen von Langtrieben auftreten 
(Lenz 1960). 

1.2. Bildung der lnfloreszenz 

Der Ubergang zur reproduktiven Phase, d. h. die Bildung des Bliiten- 
standes, beginnt mit einer Aufwolbung bzw. Transformation der vegetativen 
Sprossspitze. Durch ein gefordertes Làngenwachstum verjiingt sich der Apex, 
und es entsteht ein “Meristempflook”, der als noch undifferenzierte Bliiten- 
bzw. Infloreszenzanlage aufzufassen ist (Braun 1957; Jentsch 1957; Kauss¬ 
mann 1963; Klopfer 1968; Rauh und Reznik 1951 und 1953 u. a.). 

Das Oberflàchenwachstum des Protoderms und Subprotoderms wird 
beibehalten, der Plastochronformwechsel entfàllt. Im zweiten Schritt der 
pràfloralen Phase, die die florale Phase einleitet, tritt eine Erstarkung des 
Scheitels ein, die mit einem ausgepràgten primàren Dickenwachstum ver- 
kniipft ist, das sich hauptsàchlich im Markkòrper abspielt. Diese Prozesse 
fùhrcn zuni sog. Ringwallstadium. Der Ubergang von der pràfloralen in die 
florale Phase deutet sich durch die beginnende Differenzierung der Tragblatt- 
primordien und der Blutcnhòcker an. Da die Bliitenstànde der Johannis- 
beeren brakteose Trauben sind (vergi. Kaussmann 1969; Troll 1969), ent- 
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stehen die Bliitenprimordien in akropetaler Reihenfolge, wobei der florale 
Kegel unmittelbar nach der Ausgliederung eines Bliitenhockers relativ flach 
erscheint. 

Die basalen Bliitenstiele weisen kleine Yorblàtter auf, die dem unter- 
stàndigen Fruchtknoten stark genàhert erscheinen, jedocli nicht auf gleicher 
Hòhe stehen. Da sie verschiedenen Nodien angehdren, wird der Bliitenstiel in 
Hypo-, Meso- und Epipodium gegliedert. Die Ausbildung der Yorblàtter wird 
in akropetalen Richtung gehemmt. Bei Ribes rubrum fehlen sie im Endab- 
schnitt der Traube gànzlich. 

In der Scheitelregion der Infloreszenz wird das Meristem zur Bildung der 
distalen Brakteen und Bliitenanlagen weitgehend aufgebraucht. Das ver- 
bleibende Spitzenrudiment tritt dalier nach aussen hin nicht in Erscheinung. 
Auch die dem Scheitei unmittelbar benachbarten Lateralblliten kommen voli 
zur Entfaltung. Blutenrudimente, wie sie oft im Scheitelbereich als Produkte 
einer progressiven Entwicklungshemmung hàufig sind, fehlen bei den als 
Beerenobst kultivierten Ribes -Arten (Troll 1969). 

Selbst bei stark reduzierten Infloreszenzen mit pseudoterminalen Bliiten 
und einer sterilen Braktee haben wir es mit offenen Trauben zu tun. 

Bemerkenswert klein sind die Blùtenblàtter, die vom Kelch ùberragt 
werden. Beide sind mit der becherfòrmigen Blutenachse verwachsen. Die 
Staubblàtter behalten auch zur Zeit der Yollbliite ihre einwàrtsgekrummte 
Knospenlage bei und zeigen sich in der Blutenaufsicht daher von ihrer mor- 
phologischen Unterseite. 

Die nicht septierte Ovarhòhle wird von zwei Fruclitblàttern mit zwei 
partiellen Plazenten, die zahlreiche Samenanlagen tragen, gebildet. Auf dem 
unterstàndigen Fruchtknoten stehen zwei + miteinander verwachsene Griffel. 
In die beerenartige Ausbildung des Perikarps wird auch die das Ovar um- 
kleidende Achsenkupula einbezogen (Engler 1964). Die Postfloration beginnt 
mit einem starken Wachstum des Ovars. Der Kelch schliesst sich, bleibt aber 
im vertrockneten Zustand auch an der reifen Frucht erhalten. 

Zusammenfassend kann gesagt werden, dass es sich bei der Gattung 
Ribes um Infloreszenz-Kurztriebe handelt, deren Internodien + stark ge- 
staucht sind. Die Knospen werden gewohnlich aus zahlreichen Tegmenten, ein 
oder zwei Laubblàttern und den schuppenfòrmigen Hochblàttern, in deren 
Achseln die Bliiten (oline Gipfelblute) stehen, gebildet. Nach der Fruchtreife 
fàllt der Kurztrieb entweder ab, oder er wird in sympodialer Weise von einer 
Achselknospe des oberen Laubblattes weitergefuhrt (Rauh 1950). 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 


40 


KAUSSMANN, B. FOCKE, U. 


2. Die verànderte Knospenentwicklung bei Ribes sp. 
infolge des Gallmilbenbefalls 

In der Zeit von Ende Aprii bis Anfang Juni verlassen die Johannisbeer- 
gallmilben die alten Gallknospen, um in die gebildeten Jungknospen einzu- 
dringen und sich im Bereich des Vegetationskegels anzusiedeln. Es sind durch- 
schnittlicli 4 bis 5 Tiere, die den Ausgang fiir den Aufbau einer Population 
von etwa 7000 bis 11 000 Gallmilben darstellen. Die Tiere ernàhren sich 
offenbar vom Zellsaft der peripheren Meristemzellen des Apex sowie den 
Epidermiszellen der Tegmentprimordien. Dabei gelangen wahrscheinlich Stoffe 
mit Wuchsstoffcharakter in die angegriffenen Zellen (Lit. bei Schàller 1970). 

2.1. Veranderungen am Protoderm 

Die ersten Anzeichen einer Reaktion der Wirtspflanze auf den Parasiten- 
befall treten bereits Ende Mai im Bereich des Vegetationskegels in Form auf- 
fàlliger Veranderungen des Protoderms auf. 

Die Zellen hypertrophieren bzw. vergròssern sich. Der Turgor dieser 
Zellen scheint hoch zu sein, denn die àussere Zellwand wolbt sich stark kon- 
vex hervor (Abb. 1). Auffallend ist die intensive Fàrbbarkeit mit Hàma- 
toxilin gegeniiber einem ungestòrten Protoderm. Diese “Riesenzellen” be- 
sitzen oft mehrere Zellkerne. Mitose und Wandbildungsprozess kònnen zeit- 



Abb. 1. Sprossspitze einer befallenen Knospe von Ribes nigrum (12. 6. 68). Das hypertro- 
phierte Protoderm (Pr) ist deutlich erkennbar. Darunter befinden sich Kurzketten — ent- 
standen durch periklinale Teilungen des Subprotoderms (sPr). Die Gruppe der Zentral- 
meristemzellen (ZM) erscheint zuriickgedrangt. B = Blattanlage, FM = Flankenmeristem, 

RM = Rippenmeristem 
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lich von einander getrennt sein. Spàter gebildete Zellwànde stehen hàufig 
schràg, da die Polaritàt der Zellen gestòrt ist. In befallenen Knospen kann die 
Anzahl der Protodermzellen am vegetativen Kegel um 50 bis 80% im Yergleich 
zu normalen Kegeln zunehmen. 

2.2. Veranderungen am Subprotoderm 

Atypische Veranderungen im Subprotoderm treten nur an Vegetations- 
kegeln auf, deren Protoderm bereits stark verbildet ist. Anfànglich werden 
kleinere Verwerfungen in der Architektonik des Subprotoderms und darunter 
liegender Zellgruppen sichtbar. Auffàllige Anomalien im Subprotoderm stellen 
Kurzketten dar, die durcli periklinale Teilungen in Zellen unmittelbar iiber 
dem Zentralmeristem entstehen (Abb. 1). Auch hier liegt eine deutliche 
Polaritàtstorung vor, da diese Gruppe der Subprotodermzellen an der Spross- 
spitze normalerweise nur antiklinal aufgliedert und somit zu einem Oberflàchen- 
wachstum beitràgt. Die Polaritàtsànderung fiihrt nun zu einem Volumen- 
wachstum der subprotodermalen Elemente. Die in antiklinalen Reihen ange- 
ordneten Segmente dràngen die Gruppe der Zentralmeristemzellen nach innen. 
In den befallenen Knospen àndert sich der gesamte Entwicklungsrhythmus* 
Durch ein verstàrktes primàres Dickenwachstum in dem jungen Markgewebe 
(medullàre Form nach Troll und Rauh 1950) werden die Ansàtze der Tegment- 
bzw. Laubblattanlagen annàhernd in eine Ebene gehoben (Abb. 3), so dass 
eine Scheitelebene entsteht. Ferner wird der normale Ablauf der pràfloralen 
bzw. floralen Pliase unterdriickt oder erheblich gestòrt. Da die Bliitenanlagen 
in den sich zu Gallen umbildenden Knospen hàufig verlauben, kann die Anzahl 
der Blattanlagen vermehrt werden. In den befallenen Knospen entwickeln 
siedi keine Laubblàtter, sondern scliuppenartige Gebilde, die ein verstàrktes 
Wachstum erkennen lassen, das zu einer starken Fàltelung und blasigen Auf- 
wòlbung der Oberflàche fiihrt. Hand in Hand mit der gestòrten inneren 
Knospenentwicklung geht eine Verànderung der àusseren Form einher. Die 
Knospe nimmt eine typisch kugelige bis breitrunde Gestalt an (Gali- oder 
Rundknospe). Auffàllig sind ausserdem die Farliverànderungen der Blatt- 
primordien in befallenen Axillaren. Sclion Anfang Juni erkennt man die von 
Gallmilben besiedelten Knospen im geòffneten Zustand an der weisslichen bzw. 
chlorotisehen Fàrbung der inneren Schuppen. An Stelle des normalen Griins 
gesunder Blattanlagen treten im Verlauf der Cecidiogenese blassgelblichgriine 
bis bràunliche Farbtòne auf. 

Aus der einsclilàgigen Literatur ist bekannt, dass in Gallen- und Tumor- 
geweben die Chlorophyllbildung gestòrt oder unterbunden sein kann (Kuster 
1956). Zu Beginn der Gallenentwicklung (Mai bis Juli) wird die Innenflàche 
der jiingsten Blattprimordien zu unregelmàssig meristematischen Epidermis- 
wucherungen angeregt. Ab August erstreckt sich dieses abnormale Wachstum 
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auch auf die Aussenseiten der Blattanlagen (Meristemoide vergi. Kauss¬ 
mann 1963). Die enorme Teilungsrate der jungen Epidermiszellen an den 
Innen- und Aussenseiten der Knospenschuppen fiihrt zu erheblichen Gewebe- 
spannungen im Mesophyll, so dass in der Regel unterhalb der subepidermalen 
Lage auf weiten Strecken rhexigene Hohlràume gebildet werden, die mit Luft 
erfiillt sind (Abb. 2 und Abb. 3). Besonders an Gallen schwarzer Johannis- 
beeren (Sorte “Pobjeda”) sind diese Gewebeschàden zu beobachten (Abb. 3). 
Die proleptische Entwicklung von Seitenknospen in den Gallen làsst darauf 
schliessen, dass die phytohormonale Heminwirkung des durch den Gallmilben- 
befall degenerierten Yegetationskegels auf benachbarte Meristeme bzw. 
Meristemoide gering ist. Seitenknospenanlagen werden auch in normalen 
Knospen schon im Laufe des Sommers als kleine Meristemhòcker in einiger 
Entfernung vom Scheitei sichtbar. Das Hemmungsfeld des Scheitelmeristems 
als Ort hòherer Embryonalitàt ist jedoch noch so stark, dass deren Weiter- 
entwicklung zu Seitensprossen unterdriickt werden kann. Bunning (1953) 
spricht von Sperreffekten, hervorgerufen durch Auxinproduktion der Spitzen- 
meristeme. Entfàllt die hormonale Hemmung der embryonalen Bildungszone 
der Sprossspitze, so werden ruhende Meristeme bzw. Meristemoide in dessen 
Umgebung aktiviert (vergi, auch Kaussmann 1955). Die Seitenknospen in 
den Gallen bilden bereits im Sommer neben den Tegmentanlagen ein bis zwei 
wolilgegliederte Laubblàtter, eine Erscheinung, die in befallsfreien Knospen 
zur gleichen Zeit nicht zu beobachten ist. Das starke vegetative Wachstum der 
Gallen scheint einen Einfluss auf den qualitativen Entwicklungsverlauf 
dieser Axillaren innerhalb der Gallen zu haben, da in diesen nur sehr selten 
Bliitenanlagen gebildet werden. 

Auffallend ist, dass die Epidermiszellen innerhalb des Lebensraumes der 
Gallmilben mehr oder weniger stark hypertrophieren und teilweise auch vicl- 
kernig werden. Durch fortgesetzte Teilung entstehen Protuberanzen (Abb. 4. 
u. 5, Abb. 4a, b, c). Die Hemmwirkung der einzelnen Protuberanzenmeriste- 
moide verhindert offenbar die Bildung einer einheitlich mehrschichtigen Epi- 
dermis. Die Protuberanzen konnen wie aus Abb. 5. ersichtlich ist, auch keulen- 
fòrmige Gestalt annehmen. Diese Gebilde lassen hàufig ein làngeres Spitzen- 
wachstum erkennen, das sich in dem unter der subepidermalen Lage befindli- 
chen Gewebeteil abspielt. Infolge der Protuberanzenentwicklung wird die 
normale “Musterbildung” der Blattorgane gestort, so dass die Bildung von 
Haaren und Driisenscliuppen in befallenen Knospen unterbleibt. Durch In- 
jektion von Presssaft kàltegetòteter Johannisbeergallmilben in junge Axillaren 
von Ribes rubrum und Ribes nigrum konnten besonders an Schwarzen Johannis- 
beeren àhnliche histologische Verànderungen, d. h. eine Protuberanzenbildung, 
erzeugt werden. An den vergleichsweise mit Aqua dest. gespritzten Knospen 
bildeten sich keine Wucherungen, sondern es entstanden nur kleine, auf die 
mechanische Verletzung zuriickzufiihrende Missbildungen (einseitige Kriim- 
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Abb. 2 , Teile von Knospenschuppen (Schnitt) aus deni Zentrum einer befallenen Knospe 
von Ribes nigrum (18. 9. 68) mit fortgeschrittenen Epidermiswucherungen auf der Tegment- 
innenseite (a— d). Als Folge der unnormal hohen Teilungsrate der Epidermiszellen treten 
rhexigene Hohlràume im Mesophyll auf. E = Epidermis, M Mesophyll, G = Leitbiindel 



Abb. 3. Làngsschnitt einer Gallknospe der Sorte »Pobjeda« (Ribes nigrum) kurz vor der 
Migration der Gallmilben im Aprii. (Die Sprossspitze ist vòllig degeneriert.) Es wurde keine 
Infloreszenzanlage gebildet. Die Schuppenblàtter sind auffallend stark gefaltet und mit 
Epidermiswucherungen iibersàt. Die rhexigen gebildeten Hohlràume im Mesophyll sind gut 

erkennbar 
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Abb. 4a. Querschnitt eines Tegments. Die Epidermiszellen (E) sind hypertrophiert, teilweise 
stark vergròssert und mehrkernig. Lokale Querteilungen in der Epiderinis leiten die Pro- 
tuberanzbildung ein. E = Epidermis; GV = Gerbstoffvakuolen; Z = Zellkern. 46, c. Fort- 
schreitende Entwicklung der Epidermiswucherungen unter Einbeziehung subepidennaler 
Zellgruppen. E = Epidermis; M = Mesophyll 
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mungen). Da die eingewanderten Gallmilben und ihre Nachkommenschaft 
fast ein Jahr in der betreffenden Knospe leben, besteht ein permanenter che- 
mischer Reiz auf das Gewebe, insbesondere auf die jungen Epidermen, der 
sich mit dem Anwachsen der Population stàndig verstarkt. Die Wirtspflanze 
reagiert die Winterruhe ausgenommen — mit einer stàndigen Neubildung 
embryonaler Zellen. Dieser Prozess dauert bis zum Vertrocknen der Gallen 
im Mai/Juni des folgenden Jahres an. Offenbar besteht eine Beziehung zwischen 
dem durch die Gallmilben angeregten embryonalen Wachstum in der Knospe 
und der Ernàhrungssituation der Tiere. Ende Juni besitzen etwa 10 bis 15% 
der befallenen Jungknospen einen floralen bzw. pràfloralen Apex. Die Anzalil 
befallener Knospen mit Infloreszenzanlagen geht mit fortschreitendem Ver- 
gallungsprozess infolge Degenerationserscheinungen selir stark zuriick, so dass 
im nàchsten Fruhjahr kaum Gallen mit funktionsfàhigen Bliitenanlagen zu 
finden sind. Infolge der stofflichen Beeinflussung durcli die Gallmilben tritt 
eine Umstimmung floraler Anlagen in vegetativer Richtung ein. An bereits 



Abb. 5. Yielzellige keulenfòrmige Protuberanz. Die Zellen erscheinen relativ klein und ge- 
ordnet. Es ist ein deutliches Spitzenwachstum zu erkennen. In die Zellgruppe mit verstàrk- 
tein Wachstum wurden die Zellkerne eingezeichnet. E = Epidermis; M = Mesophyll; Z = 

Zellkerne 
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angelegten Infloreszenzen wird die Verlaubung gefòrdert (Abb. 6a, b, 7). Das 
mit der Entstehung der Bliitenanlagen im wesentlichen abgeschlossene 
embri onale Wachstnm einer Knospe wird wieder stark angeregt. Entscheidend 



/! 



Abb. 6a. Schràgschnitt schematisch durch eine Bliitenanlage aus einer unbefallenen Knospe 
von Ribes rubrum (18. 9. 68). Der Fruchtknoten mit den Samenanlagen und die Antheren 
sind deutlich erkennbar. F == Fruchtknoten; PI = Plazenten: A = Antheren. 6b. Schnitt 
(schematisch) durch eine degenerierende Bliitenanlage aus einer befallenen Knospe von 
Ribes rubrum (18. 9. 68). Auffallend sind die stark hypertrophierten Epidermiszellen sowie 
die Streckung der gesamten Biute. A = Antheren, PI = Plazenten 
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fiir Ausmass und Schnelligkeit des krankhaft gesteigerten vegetativen Wachs- 
tums diirften die Anzahl der eingewanderten Gallmilben je Knospe als Aus- 
gangssituation fiir die folgende Nachkommenschaftsentwicklung sowie die er- 
reichte Entwicklungsphase des Vegetationskegels zur Zeit der Besiedlung sein. 
Die Anzahl der Junggallen mit generativen Organen ist deshalb so gering, 
weil die Mehrzahl der Jungknospen wàhrend der Migration der Gallmilben 
noch in der vegetativen Phase ihrer Entwicklung stehen. Die Frage der Ceci- 
dienbildung wird erst endgiiltig zu lòsen sein, wenn wir die normalen systema- 
tischen Verànderungen in den Zellen, die spezifischen Differenzierungsprozesse 
in Yerbindung mit der genetischen Information verstehen. 

Einstweilen kònnen die Gallen nur als Resultate einer durcli exogene 
Faktoren (Einfluss der Parasiten) felilgeleitete Entwicklung an bestimmten 
Teilen der betreffenden Pflanze beschrieben und gedeutet werden. Der Grad 
der Schàdigung fiir die Pflanze ist um so gròsser, je undifferenzierter und 
zahlreicher die von den Gallentieren angegriffenen Pflanzenteile sind. 



Abb. 7. Schnitt (schematisch durch eine Gallknospe von Ribes rubrum (Ende September). 
Die inneren Tegmente sind stark gefaltet. Alle Teile der Infloreszenz wachsen zu Schuppen- 
blàttern aus. Ini jungen Mark hat ein verstàrktes prirnàres Dickenwachstum begonnen, 
wodurch sich die Knospenbasis betràchtlich verbreitert. I = Infloreszenzrudiment, M = 
Bereich des verstàrkten primàren Dickenwachstums 
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Zusammenfassung 

Bei den Ribes -Arten werden die Knospen fiir das kommende Jalir 
bereits im Friihjahr angelegt. Nach einer vegetativen Phase (Bildung von 
Tegment- und Laubblattprimordien) kann der Scheitei zur Infloreszenz trans- 
formiert werden. In Knospen, die von der Johannisbeergallmilbe (Cecido- 
phyopsis ribis , Westw.) befallen sind, wird diese Entwicklung stark gestòrt, so 
dass es nicht zur Ausbildung von Laubblàttern und eines funktionsfàhigen 
Bliitenstandes kommt. Die histologischen Missbildungen des Proto- und Sub- 
protoderms werden beschrieben, ihre moglichen Ursachen diskutiert. 
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Scanning electron microscopical examinations were carried out with an SM- 
50A Jeol-type microscope in thè species Pleurozonaria concinna , Ovodites ligneolus 
and two cf. Oculopollis. It was established that thè pictures of high magnification 
(X 15,000) provide essentially new data as far as surface sculpture is concerned. The 
submicroscopic sculpture of thè examined two oculate Normapolles from thè Upper 
Cretaceous is identical in both species, consequently this structure is probably an 
ecological and not species-specific characteristic. Taking into consideration thè study 
by Srivastava (1972), it can be inferred on thè basis of fine surface elements that 
thè examined oculate Normapolles species. We obtained data also on thè details of 
embedding which was taking place during fossilisation in thè examined species. 


Introduction 

After thè pioneering examinations by Kaiser (1968), Reyre (1968), 
Riegel (1968) and Taylor (1968), several studies were published on scanning 
electron microscopical investigations into fossil spores and pollen grains. This 
method is already wide-spread in examining spores, pollen grains and plankton 
organisms. Leffingwell, Larson and Valencia (1970) obtained their results 
on Wodehouseia spinata Stanley 1961 by thè complex method i.e. a combined 
application of thè optical, transmission- and scanning electron microscopical 
instruments. 

Owing to thè possibilities offered by thè electron microscopical method, 
thè diagnoses of several taxa, which had been described by using an optical 
microscope have been supplemented. 

The problem is that in paleopalynology thè types of thè various new taxa 
are represented by a single specimen and either a TEM or an SEM investigation 
into thè typical sample is practically inextricable. 

The purpose of this paper is to critically evaluate thè results obtained by 
thè scanning electron microscope which is at our disposai today. The resolution 
of thè microscope is of 70 100 À, which in comparison with that of thè trans¬ 

mission electron microscope is considerably weaker. The problems related to 
thè resolution capacities of thè two kinds of instrument are well-known to 
specialists working with electron microscopes. The fact is that by thè trans- 
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mission electron microscope partial data on such surface elements may be 
available that go undetected in thè scanning instrument. 


Material and method 

Principles in selecting objects for investigation: 

(1) Wherever it was possible, such forms were investigated that had 
already possessed some transmission data. This, of course, did not exclude thè 
examination of organisms which had no pertaining data. 

(2) On thè basis of what has been said above, two plankton organisms 
(Pleurozonaria concinna (Cookson and Manum 1960) Màdler 1968, Ovoidites 
ligneolus (R. Pot. 1931) W. Kr. 1959, and two oculate Normapolles species 
(cf. Oculopollis fsp. 1,2) have been selected for examination. Pleurozonaria 
concinna was examined from thè Jurassic material of Urkut (cf. Kedves and 
Simoncsics, 1964), Ovoidites ligneolus from thè lower Eocene deposits of Mutigny 
and thè oculate form-species from thè Senonian deposite of Herend. Thus, 
microscopie fossils of different types, and of two different species of one pollen 
form-genus were examined. 

The Leffingwell and HoDGKiN-type (1971) techniques (polyvinyl- 
chloride) were used for preparing thè polyvinylchloride material, which had 
been covered with gold. The photograph were taken in thè Electron Micro- 
scopical Laboratory in thè Zoological Department of thè Eòtvòs Lorànd 
University (ELTE). We express our sincere gratitude also in this way to Dr. 
Jànos Kovacs, lecturer, head of department, for his kind assistance and 
extensive support in our work. 


Results 

In thè low-magnification picture of Pleurozonaria concinna (1 in Piate I), 
thè surface characteristics, which had become known also by thè optico- 
microscopical method, can be recognized. The distribution of thè prominences 
which is characteristic of thè genus is even. In thè high-magnification pictures, 
thè finer morphology of thè prominences and also thè endings of thè tubules at 
thè apex are recognizable. Entirely new observation is that on thè wall-parts 
between thè prominences there are small granular formations which stick out 
here and there. Thus, only thè high-magnification pictures provided quali- 
tatively new results. 

Concerning thè microscopical organisms belonging in thè genus Ovoidites 
(R. Pot. 1951) W. Kr. 1959, there ampie literary data are available (Potonié, 
1931; Potonié and Venitz, 1934; Potonié, 1951; Thomson and Pflug, 1953; 
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Piate I. — 1. Pleurozonaria concinna (Cookson and Manum 1960), Màdler, 1968. Detail of 
thè microfossil. X1500; 2. Pleurozonaria concinna (Cookson and Manum 1960), Màdler, 1968. 
Detail of thè surface of thè microfossil. X 15,000 
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Klaus, 1950; Obritzhauser-Toifl, 1954; Tiiiergart, 1937; Agranovskaia, 
Botscharnikova and Martynova in Pokrovskaia and Stelmak, 1960). 

The pictures taken by thè scanning electron microscope at low magni- 
fication (1 in Piate II) furnish information concerning thè macrosculpture 
which is also observable by thè optical microscope. The ornamentation varies 
from rugulate to corrugate, thè protruding elements often show a reticulate 
pattern. The high-magnification pictures indicate tliat thè ornamentation is 
more complex than had been described on thè basis of earlier results. We con- 
sider thè surface sculpture as complex corrugate whcn it consists of smaller 
and larger elements (2 and 3 in Piate II). The surface of these ornamentation 
elements is not entirely smooth but there are tiny granules, or small spiniform 
prominences on it, which, because of their small size, cannot he seen under 
thè optical microscope. Again thè scanning microscopical pictures yielded 
new results as far as ornamentation was concerned only wlien high-magni- 
fication was used. 

The low-magnification SEM picture of cf. Oculopollis fspj (1 in Piate III) 
furnish data on thè spatial location and on thè morphology of germinai openings 
of thè oculus. 

Contrary to thè optical and thè transmission electron-microscopical 
examinations, thè high-magnification SEM pictures led to qualitatively new 
results concerning thè examined cf. Oculopollis species. Namely, by thè TEM 
pictures which had been taken earlier, spines concerning surface ornamentation 
could he demonstrated only (Hegedùs, Kedves and Pardutz, 1971), while 
thè scanning pictures furnished additional information i.e. on thè finer structure 
of thè surface. We established tliat thè submicroscopical surface ornamentation 
is of two kinds. On thè one hand, it consists of very small granules which cover 
also thè larger prominences. Collectively, in superior view, tliey do not give 
thè picture of thè typical spines (2 4 in Piate III). These larger formations 

are also granules, they ltowever often anastomose and form a submicroscopic, 
rugulate ornamentation. The formations evenly cover thè whole surface of thè 
pollen grain, there is no deviation even in thè vicinity of thè colpuses. 

The scanning electron-microscopical pictures concerning these pollen 
grains furnished data also on thè embedding rook, and thè process of prep- 
aration. Since during preparation thè surface of thè examined samples was 
not entirely eleaned, consequently, fragments of thè embedding rook occasion- 
ally adhered to thè surface. This is on thè basis of thè results obtained a “film- 
like” layer, which has become adsorbed to thè finally sculptured surface, 
strongly adhering to thè surface, and it separated from thè rest of thè embed¬ 
ding rock. Assumably, it was only a very tliin layer that adsorbed here, and in 
this way during embedding to thè surface of thè pollen grain, while thè rest of 
thè embedding rock has not become attached so closely to thè pollen grain. 
The other parts of thè embedding rock are easily detached during preparation 
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Piate IL — 1. Ovoidites ligneolus (R. Pot. 1931) W. Kr. 1959. Surveying picture on thè 
microfossil. X 1500: 2. and 3. Ovoidites ligneolus (R. Pot. 1931) W. Kr. 1959. Detail of thè 

surface sculpture. X 15,000 
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Piate III. - 1. Cf. Oculopollis fsp. 1. Surveying picture of thè polle» grain. X 1500; 2. Cf. 

Oculopollis fsp. 2; Detail of thè extragerminal surface sculpture. X 15,000; 3. Cf. Oculopollis 
fsp. 2. Detail of thè surface ornamentation of thè colpus and thè oculus, X 15,000; 4. Cf. 
Oculopollis fsp. 2. Details sculpture of thè extragerminal surface, X 15,000 




SCANNING ELECTRON MICROSCOPICAL METHOD IN MICROFOSSILS 


57 


but thè complete removai of thè fine film layer needs a stronger intervention. 
It should be mentioned bere that thè examined samples carne from coaly- 
clayey layers. Although thè scanning pictures do not provide detailed in- 
formation on thè nature of thè film-like layer, thè smooth surface of thè cover- 
ing part permits us to infer that this layer consists of probably colloid di¬ 
mensionai parts with extremely fine granules. 


Discussion of thè results 

There occured little granules, not observable with thè optical microscope, 
on thè surface of Pleurozonaria concinna and of Ovoidites ligneolus. Tliese 
features are probably of ecological importance, since they occured on two 
plankton organisms of rather different origin. The low-magnification picture 
of Pleurozonaria has not essentially furnished new data contrary to thè results 
obtained with thè optical microscope. In thè case of Ovoidites ligneolus , prim- 
arily it was thè high-magnification pictures that resulted in entirely data i.e. 
thè reticulate sculpture which can be demonstrated by low magnifications, is 
no longer so expressed under high magnifications, thè ornamentation of thè 
surface is far more complex than it was indicated by thè optico-microscopical 
data. 

The submicroscopic surface ornamentation of thè cf. Oculopollis species 
belongs in thè “sculpture doublé” group described by Reyre (1968). Within 
this, it is similar a “mamelons et glomérules”, although because of thè larger 
anastomosing granules it cannot accurately be identified with that. It should 
by all means be emphasized that thè fine sculpture elements, originally de- 
termined by Reyre (1968) for Gymnospermatophyta pollen grains, can be 
related to other plant microscopical fossils as well, at least to angiosperm 
pollen grains. On thè other hand we should refer to thè submicroscopical 
surface ornamentation of thè two species that were found to be identical. Tliere 
inay be two reasons for this. (1) Tliese characteristics are of mere ecological 
importance, i.e. they are related to pollination only. (2) The submicroscopical 
surface formations are of no specific value here. We can mention here thè 
scanning electron-microscopical data of Srivastava (1972) Extratriporopolle- 
nites nonperfectus Pflug in: Thomson and Plug ( Trudopollis nonperfectus Pf.), 
where spheroidal elements of relatively large size are scattered on thè surface 
of thè pollen grain. Thus, it may occur to someone that thè fine sculpture of thè 
surface may have differentiating values in thè Normapolles pollen grains. To 
make a final decision further examinations are needed. 
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Summary 

Our investigations indicate that in thè scanning electron-microscopical 
examination of plant microscopie fossils two types of investigation sliould be 
distinguished, viz. low-magnification and high-magnification investigations 
carricd out with electronmicroscopes of relatively high resolution. Low- 
magnification pictures whicli essentially supplement thè optical microscopical 
investigations, are important from two viewpoints: (1) They furnish accurate 
data on thè spatial arrangement of thè morphological characteristics of micro- 
fossils that are observable also under thè optical microscope. (2) They may 
also result in qualitatively new data in certain cases related to thè apatial 
and to thè surface distribution of ornamentation elements observable also by 
thè optical microscope in microfossils. 

Pictures of high-magnification furnish information on details of surface 
ornamentation not observable under thè optical microscope, wliich are impor¬ 
tant taxonomically and probably from ecological viewpoints, too. 
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The following inicroorganisms of cryoseston discolorations are known from thè 
High Tatra: Chlamydomonas nivalis and Ch. sanguinea red snow, Ch. flavovirens and 
Chlamydomas rostafinskii yellow snow, Chromulina ettlii yellowish-brown snow, Koliella 
tatrae and Carteria gyoerffyi green snow. The snow vegetation of thè High Tatra belongs 
to thè third, higher cryovegetation type. 

The cryobiological researches have recently taken a greater impetus in thè 
Tatra Mountains. The snow pH measurements were made by Kol (see Tables 1 and 
2); cryo-ecological. cryo-biological and physiological examinations as well as quan¬ 
titative and photosynthetical measurements were carried out by Hindàk, Javornicky 
and Komarek (1973). Hindàk and Javornicky cultivate cryo-algae in laboratory 
also in pure cultures. 

Coloured snow was a known phenomenon of nature to alpinists and 
arctic exploreres for some centuries. Cryobiological research progressed only 
slowly because researchers had to overcome numerous impeding difficulties. 

For one thing, biotopes are difficult to access, examinations in situ are 
bindered by numerous factors, and finally, keeping thè collected sample 
material alive also incurs much difficulty. 

Three periods can be distinguished coneerning cryobiological researches: 
(1). observation of thè coloured snows; (2) identification of nivicolous micro- 
organisms and their morphological, taxonomical, cytological research; (3) 
limnological, biological, quantitative researches, and thè successful establishing 
of pure cultures of nivicolous microorganisms. 

The first period of cryobiological research in thè High Tatra began several centuries 
ago. The coloured snow of thè High Tatra was for thè first time mentioned by Jakab Buch- 
holtz who in 1751 saw red snow in thè Mengusfalva Yalley (Dol. Menguszowieckim) at 
about 2000 m altitude. This is also thè first mention in literature of thè coloured snow of thè 
Tatra Mountain (Buchholtz, 1783; 1803; Gyórffy, 1927, 10—11: Paryski, 1951, 222—223). 
In 1872, A. J. Czirbesz saw red snow in thè Poduplasky Valley (Svistovky Dol. Cefrorner 
See, Zinarzly Staw pod Polskim Grazebieniem) at 2047 ma.s. 1., in 1872 (Aprii 8th) Czirbesz 
observed green snow in thè Handel Valley, above thè Green Lake (Zielony Staw Wazecki) 
at 2026 m (Czirbesz, 1872: 1901). In 1876 (November 8th), T. Chalubinski saw red snow 
in thè Trummer (Oinladék Valley) thè side valley of thè Mengusfalva Valley, Puszta dolina, 
below thè Western Iron Gate Pass (Dol. Zlomisk poviziej Zmarzlego Stawu) at 2100- 2200 
in (Chalubinski, 1879: 1879a; 1901). In 1880, J. Rostafinski saw red snow in thè Triim- 

* This paper is dedicated with gratitude to thè memory of Istvàn GyÓrffy bryologist, 
enthusiastic researcher to thè High Tatra, and late Professor at thè Universities of Szeged 
and Kolozsvàr. He died 15 years ago. The authoress was one of his students. 
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mer (Omladék Yalley, pn. stocki Cubryny), and yellowish-green snow in thè side of thè 
Tengerszem Peak (Rysy, ph. sbocza Rysow; Rostafinski, 1881; 1927; Gutwinski, 1909). 

According to thè literature, those mentioned above were thè first to have observed 
coloured snow in thè High Tatra; however, they had not yet known thè microorganisms of 
thè discolorations. Rostafinski was thè first to identify thè algae of thè red snow. Severa! 
other alpinists and botanists had also collected coloured snow in thè Tatra Mountain; to 
mention only a few: I. and B. Gyórffy, A. Grosz, M. S. Sokolowsky and E. Kol, 
J. Sieminska, W. Paryski, and others. 

Collection localities (Snow samples)* 1. Kepy valley (Kepy dolina), below 
thè Lastowica rock (Schwabelberg Belaer Kalkalpen, Tatrach Bielskich, 
Belanske Tatry, Photograph 3, altitude 1340 m, pH 6.5 6.0, leg. I. Gyorffy 

et Kol 26. 8. 1926, 16. 7. 1927, 16. 7. 1932, 23. 7. 1934; green and black snow, 
in I. Gyorffy 1927, 1927a, Kol 1927, 1927a, 1928, 1949, 1968; leg. 2. 6. 1960 
in Komarek-Hindak Javornicky 1973. 

* 2. Triimmer Valley (Omladék-vòlgy), below thè Western Eisenentor, 

Iron Gate Peak (Puszta dolina, Dolina Zlomisk, powzej Zmarzlego staw Photo¬ 
graph 2) altitude 2100 2200 m, pH 5.5 —5.4, red snow, leg Chalubinsky 

11. 7. 1876, I. Gyorffy et Kol 9. 7. 1927, 21. 7. 1932, in I. Gyorffy 1928, 
Kol 1928, 1949, in mscr., Rostafinski 1881, 1927. 

* 3. Gross Papyrus valley by waterfall, Dzikiej dolina Zelena pleso, below 

thè Miedzana lafka (Photograph 8), altitude 1700 1920 m, black snow, leg. I. 

Gyorffy 17. 8. 1909 in Scherffel 1910, Kol 14. 8. 1924, 23. 8. 1927, in Kol 
1920, 1968. leg. Hindak 2. 8. 1963, in Hindak 1969. 

3a. Valley of thè Green Lake of Késmàrk (Valley of thè Késmàrker 
Griiner See, Késmàrki Zòld tó vòlgye) below thè Késmàrk Peak, Valley of thè 
Zelena pleso, below thè “Deutsche Leiter” (Photograph 8), altitude 1600 
1710 m, pH 5.5, black snow from different places leg. Kol 14. 8. 1924, 20. 7. 
1938, in Kol 1967, in Kol mscr. 

* 4. Frost Lake (Gefrorener See), in Poduplasky Valley, altitude 2046 m, 
leg. Kol 25. 7. 1926, in Kol 1928, Kol mscr. 

5. Trystarska Valley (Triscarka Dolina Trzystarska Dolina) green snow 
pH 6.5 — 6.0 (Photograph 6), altitude 1800 m, leg. Kol 20. 8. 1927, 10. 7. 
1932, in Kol 1949, Kol mscr. 

* 6. Valley of thè Green Lake of Késmàrk (Valley of thè Késmàrker 
Griiner See), below thè Blauen See (Blue Lake), alt. 1900 -2100 m black snow 
from different places leg. Kol 14. 7. 1924, 29. 7. 1927, in Kol 1967, Kol mscr. 

* 7. Rysy peak (Tengerszem csucs, Meeraug Spitze) alt. 2300 m black 
snow, leg. 25. 9. 1938, Kol in mscr. 

* 8. Kleine Kolbach Valley (Kis Tarpataki vòlgy), Five Like (Kis Tar- 
pataki Otto) in thè Tarpatak Valley, alt. 1990 m. leg. Kol 20. 7. 1927, leg. R. 
Roth, in Scherffel 1904, Kol 1949, in Kol mscr. 


* Material of thè collections marked with an asterisk is obtainable in Kol’s snow 
algae collection. 
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* 9. Below thè Wilderer Joch (Vadorzó hàgó, Korickowa Pass, Goricz- 
kowa Pass) leg. R. Szalóky, R. Roth in Scherffel 1904, Kol 8. 8. 1926, 
Kol 1948, Kol in mscr. 

* 10. Dòllcr Lake alt. 2000 m pH 5.5 —5.2, red and pink snow (Photo- 
graph 7), leg. B. Gyórffy 22. 7. 1932, Kol 27. 7. 1934, in Kol 1965, 1968. 

11. Morskie Lake (Morskie Oko) Morskiego Oko Fisch See Mienguszow- 
skiegó scetu and Morskiem Okiem alt. 1500 m, in thè flake of an old snow 
beneath thè Miengusztowski Peak, above Morskie Oko, leg. Sieminska 19.10. 
1950. Kol 13. 7. 1965, Kol 1966, Siemienska 1951, Paryski 1951. 

* 12. Yalley of thè Green Lake of Késmàrk (Késmàrker Griiner See Tal), 
from different places (Photograph 8), alt. 1600, 1700 m black snow (Photograph 
5), P H 5.5, leg. Kol 14. 8. 1924, 29. 7. 1927, 20. 8. 1938, in Kol 1967, Kol 
mscr. yellow-brownish snow 1600 m, pH 5.1, thè Medené lavky, leg. 2. 8. 
1963, Hindak, in Hindak 1969. 

* 13. Below thè Toten Garten in thè cirque Valley of thè Steinbach Lake 
above thè Steinbach Lake (Kopataki tó), black snow, pH 5.5, leg. Kol 20. 7. 
1938, 22. 8. 1925, in Kol mscr. 

* 14. Above thè Hunfalvy hàgó (Huncdorfer Pass, Huncowske Szcyt) 
black snow alt. 1800, 2010 m, pH 5.5, leg. Kol 3. 8. 1924, 24. 7. 1938, in Kol 
mscr. 

* 15. Above thè Frog Lakes (Békàs tavak, Frosch Seen, Zabie plesó), 
black snow (Photograph 4), alt. 1920 m, pH 5.5, leg. I. Gyórffy 9. 1910, Kol 
26. 7. 1938, in Scherffel 1914, Kol in mscr. 

* 16. Handel Yalley, Yalley of thè Green Lake of thè Krivàn, Krivanske 
black snow, leg. Kol 23. 8. 1938, in Kol mscr. 

* 17. Yalley of thè Buchholtz Lakes alt. 1880 m, black snow, leg. Kol 
24. 7. 1925, in Kol mscr. 

* 18. Below thè Gemsen Peak (Zerge csucs, Kozie Yierch), alt. 1820 — 2000 
m, leg. Kol 23. 7. 1926, from different places in Kol mscr. 

* 19. Below thè Lomnitz Peak (Lomnitzer Spitze, Lomnici csucs) 
Lomnica, alt. 2300, 2400 m, 750 m, from different places, black snow, leg. Kol 
12. 8. 1925, in Kol mscr. 

* 20. Below thè Eistaler Peak (Jégvòlgyi csucs), Yalley of thè Five 
Lakes, alt. 2250, 2300 m, black snow, leg. Kol 14. 7. 1938, in Kol mscr. 

* 21. Krywanskie Kryto, Kotliny Krivanske (Krivaner Kesscltal), 
cirque on thè NW slopes of Krivan (napa zach stockach Kryvania), 1500 m, 
red snow leg. W. Paryski 3. 10. 1967, in Kol 1969. 

22. Mienguszovski Yalley (Kotle Mienguszowkiem), Mienguszovski 
cirque, alt. 2000 m, leg. Sieminska 8. 8. 1952. in Sieminska 1956. 

23. Below thè Szpiglasova pass on thè side of Five Lakes (Picé Staw, OW 
“Spiglasowweh Perciach”, pod Przelecza Spiglasova), alt. 1960 m, leg. W. 
Paryski 20. 8. 1938, in Sieminska 1951. 
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24. Pn. Stoky Cubriny yellow snow, leg. Rostafinski, in Rostafinski 
1881, 1927, Gutwinski 1909. 

25. Yalley za Mnichem, slope of Cubrina Mònch, yellow snow, leg. 
Starmach et Kawecka 12. 9. 1962, in Starmach et Kavecka 1965. 

26. Temnosmrecanské Dolina na uzemi “Snehovy Kotol pod Cubrinon” 
alt. 1773 m, leg. Pospisil 1947, in Pospisil 1950. 

27. Below thè Rysy Peak (Tengerszem csucs, Meeraug Spitze, pn. Zborcza 
Rysowa), yellow snow, leg. Rostafinski, in Rostafinski 1881, 1927, Gut¬ 
winski 1909. 

28. Granaten Wall in Felka Yalley (Granaten Wand in Felka Yalley), 
black snow, in rnany places, leg. R. Szalóki, I. Gyórffy 1910, leg. Hieroni- 
mus 1888, in Richter Phycotheka Universalis Nr. 334. 

* 29. Mlinica valley above thè Schleierwasserfall (Fàtyolvìzesés), black 
snow, leg. Kol 27. 7. 1934, in Kol mscr. 

30. Under thè Batisfalva lake (Batisowské pleso) under a waterfall on thè 
peaty bank of a mountain torrent originating from thè lake “Batisovské pleso”, 
leg. Ruzicka 8. 8. 1957, alt. 1800 m, in Marvanova Marvan Ruzicka 1967. 

31. Yelka Zmrzla Dolina, Tatris Altis cc. 2000 m, green and red snow, leg. 
1966, Javorniczky and Hindak. 


Coloured cryoseston 

In thè High Tatra there has been detected red, pink, yellowish-green 
yellowish-brown, yellow, green, blue and black cryoseston discolorations; and 
two kinds of Chlamydomonas red snow, namely, that caused by Chlamydomonas 
nivalis (Bau.) Wille (PI. I. Figs 9 16), and by Chlamydomonas sanguinea 

Lagerh. (PI. I. Figs 42 — 47). Red snow, caused by Chlamydomonas nivalis , is 
most frequent not only in thè High Tatra, but also in Europe, and even in thè 
whole northern hemisphere. 

Rostafinski was thè first to identify thè microorganism of thè red snow 
in thè High Tatra (Rostafinski, 1881; see Table 3). 

Subscquently, red snow was collected from a number of mountains in 
Europe, and by laboursome work, thè microorganism causing red snow 
became known and assigned to its systematical place (Chodat, 1896; Wille, 
1903). Today we know it under thè name Chlamydomonas nivalis (Bau.) Wille 
(see Table III). (Kol, 1968). 

The second period of cryobiological researches in tlie High Tatra actually 
began with Rostafinski’s activities. A number of workers study today thè 
cryovegetation of thè High Tatra (for details see Table 3). 

Red snow caused by Chlamydomonas nivalis are known from several 
places in thè Tatra Mountains. One of thè typical localities of red snow is thè 
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Omladék Triimmer (Valley) (Photograph 2), below thè Western Iron Gate 
Pass, at an altitude of 2100 2200. First Chalubinsky observed red snow 

bere in 1872, then Rostafinski in 1880, and Gyórffy and Kol in 1927, 1932. 

Today thè microorganism association of tliis red snow is known in detail 
(see Kol 1928). The inass of thè red snow in thè Omladék Valley (Triimmer Tal, 
Locality No. 2) was composed of Chlamydomonas nivalis. The spherical, resting 
stage cells were represented in thè largest quantity. Beside tliem thè following 
microorganism lived there in a smaller or larger number of individuals but 
within these always in a small quantity only. Chroococcus rufescens (Bréb./Nàg. 
Chr. scherffelianus Kol, Gloeocapsa sanguinea (Ag.) Kg., Gl. ralfsii (Harv.) 
Leinm., Petalonema densum (A. Br.) Nàg., Nostoc fuscescens Fritsch, Scotiella 
nivalis (Shuttlew) Fritsch (PI. I. Figs 20, 21), Scotiella cryophila Chod., Raphido- 
norna bervirostre Scherf. (PI. I. Fig 41), Gyorffyella tatrica Ko\-Gyoerffyella 
rotule (Hohn.) Marvanova, Cosmarium subspeciosum var. schaarsellinidtianum 
Kol (Kol 1928) (see Table ITI). 

As is to be seen, thè algal association of thè red cryoseston in thè Omladék 
Valley is rather rich. Not only alpine species can be found there, but also 
arctic-alpine and even aretic algal species. Numerous cryoxenous species also 
live there, which arrive at thè surface of thè snow from thè neighbouring rock 
walls. 

Chlamydomonas red snow exists not only on thè snow surfaces of thè 
Trummcrtal, but also in several other localities of thè Tatra Mountains (see 
Table III). 

One of thè cryobiological specialities is thè red snow, caused by Chlamody- 
monas sanguinea Lagerh., collected by W. Paryski in thè Krivàn Tatra, 
Locality No 21. Stanowisko Kryvinskia (Krivaner Kessel, Cirque), alt. 1950 m. 
In tliis red snow Chlamydomonas sanguinea (PI. I, Figs 42 47) predominated. 

Besides this, Chlamydomonas nivalis (Bau.) Wille (PI. I, Figs 9 16), Scotiella 

norvegica Kol f. minor Kol (PI. 1, Figs 49, 50, 55), Pleurococcus vulgaris var. 
cochaerens Wittr., Koliella tatrae (Kol) Hindàk (PI. I, Figs 23 26), and 

Romeria cryophila Kol, lived in thè red snow there. The colour of this snow is 
sanguineous (Kol, 1969). 

A pink cryoseston was first observed on thè snow cover of thè ice of thè 
Dòller Lake, at an alt. of 2000 m (Photograph 7), by Barna Gyorffy in 1932 
(see Locality No. 10). Kol also saw and collected pink-coloured snow bere in 
1932. In this pink snow Scotiella tatrae Kol (PI. I, Figs 23 - 29), dominates, but 
Chlamoydomonas nivalis (Bau.) Wille also lives there in a rather large quantity. 
It is thè mass of Scotiella tatrae which causes thè pink shade of thè snow; 
when, however, Chlamydomonas nivalis appears in greater masses, thè snow is 
of a reddish colour. In addition, also Scotiella nivalis (Shuttlew) Fritsch (PI. I, 
Figs 20, 21), and Chionaster bicornis Kol (PI. I, Figs 35, 36) lived in this pink 
snow (Kol 1968) (see Table 3). 
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Yellow and green snows belong to thè rare cryoseston colourations. In 
thè Tatra Mountains, Rostafinski was thè first to mention yellow snow. 
Zboc za Rysova, Omladék Valley, Puszta dol. (Locality Nos 2 and 27); 
tliis yellow snow was caused by Chlamydomonas flavovirens Rostafinski. This 
species is rather rare in thè Tatra Mountains. 

A yellowish-green cryoseston was found on thè snow surfaces of thè Za 
Mnichem Yalley (see Locality Site No. 25), by Starmach and Kavecka. This 
yellowish-green snow was caused by thè mass occurrence of Chlamydomonas 
rostafinskii Starmach et Kavccka (PI. I, Figs 51 — 54). Besides this, Chlamydo¬ 
monas nivalis (Bau.) Wille, Scenedesmus cf. bijugatus (Turp.) Kg., Ancylonema 
nordenskiòldii Berggr., Gloeocapsa turgida (Kg.) Hollerbach (Starmach et 
Kavecka 1965) also lived there. (The characteristic alga of ice fields, Ancylo¬ 
nema nordenskiòldii Berggr., Gloeocapsa turgida (Kg.) Hollerbach (Starmach 
et Kavecka 1965) also lived there.) The characteristic alga of ice fields, Ancylo¬ 
nema nordenskiòldii Berggr., is so far unknown from thè snowfields of thè 
High Tatra. Although I liave examined many snow sarnples from very dif- 
ferent places of thè Tatra Mountains, I liave never found thè cells or filaments 
of Ancylonema nordenskiòldii. It would be interesting to pay greater attention 
to thè occurrence of Ancylonema nordenskiòldii in thè High Tatra. Let me note 
bere tliat microphotograph (b) in Starmach — Kavecka (1965: 78) greatly 
resembles a dividing Cylindrocystis celi. 

A rarer naturai phenomenon in thè Tatra Mountain is thè green cryo¬ 
seston. Green snow is a characteristic snow of thè Béla Limestone Alps. Two 


Explanation to Piate I 

Figs. 1 — 8 Carteria gyoerffyi Kol (xlOOO); 1, 3, 5: noiimotile cells; 2—4: celi division 5—8: 

zoospores, vegetative cells 

Figs. 9—16 Chlamydomonas nivalis (Bau.) Wille (xlOOO); 11—13: zoospores, vegetative 
cells; 9, 10: celi division; 11: zoosporangium; 14: young zygote; 15: non-motile celi; 16: 
resting stage, with very thick gelatinous sheath 
Figs. 17—19 Chionaster nivalis (Bohl.) Wille (XlOOO); 18: young individuum 
Figs. 20 21 Scodella nivalis (Shuttlew.) Fritsch (xlOOO); 20: transversai section 

Fig. 22 Mesotaenium berggrenii (Wittr.) Lagerh. ( XlOOO) 

Figs. 23—29 Koliella tatrae (Kol in Gyorffy) Hindàk (xlOOO); 23, 25, 29: diversely curved 
cells; 24, 26—28: different stages of celi division 
Figs. 30 , 34 Tetraedron valdezi Kol (X1500) 

Figs. 31—33 Scodella tatrae Kol (XlOOO); 33: with four spores; 32: young cells; 33: trans¬ 
versai section 

Figs. 35, 36 Chionaster bicornis Kol (xlOOO) 

Figs. 37, 38 Selenodla nivalis Lagerh. (X1500) 

Figs. 39, 40 Raphidonema nivale Lagerh. ( XlOOO); 40: division of thè filament (X1500) 
Fig. 41 Raphidonema brevirostre Scherffel ( XlOOO) 

Figs. 42—47 Chlamydomonas sanguinea Lagerh. (xl500); 42: resting stage with very thick 
gelatinous sheath; 43: celi division; 44, 45: motile cells, zoospores; 46: giant celi (XlOOO); 
47: non-motile celi with gelatinous sheath 
Fig. 48 Cylindrocystis brébissonii var. cryophila Kol (XlOOO) 

Figs. 49, 50, 55 Scodella norvegica Kol (xlOOO); 55: optical view 
Figs. 51—54 Chlamydomonas rostafinskii Starm. et Kavecka; 51: zygote; 52: zoospore, motile 
celi; 53: non-motile celi; 54: celi division 
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kinds of green snow are known from that locality. Koliella green snow and 
Carteria green snow. The locality of thè Koliella green snow is thè Kepy 
Valley (Kepy dolina) (Photograph 6) (Locality No. 1), where immeasurahle 
inasses of Koliella tatrae (Kol) Hindàk (PI. I, Figs 23 29) causes thè green 

colour of thè snow. But it causes thè green colour of not only thè surface of thè 
snow, but thè snow is green in many cases to depths of several cm (see Gyórffy, 
1927c; 1927d; Kol, 1968). 

In tliis green snow, a rather rich algal community appears together with 
Koliella tatrae (Kol) Hindàk (PI. I, Figs 23 29), thè following microorganisms 

can he found here: Ap/ianocapsa nivalis Lagerh., Gloeocapsa ktìtzingiana Nag., 
Gl. ralfsii (Harv.) Lemm.,G/. alpina Nag. am Brand, Scytonema minor (Schmid- 
le) Lemm., Phormidium frigidum Fritsch, Torneila scrobiculata Pascher, Chio- 
naster nivalis (Bolli.) Wille (PI. I, Figs 17 19), Ankistrodesmus longissimus 

var. Rostafinskii Kol, Gyoerffyella tattica Kol -Gyoerffyella rotula (Hólin.) 
Marvanova, Ulothrixflaccida Kg., Selenotila nivalis Lagerh. (PI. I, Figs 37, 38). 
In 1963, Hindàk also collected green Koliella tatrae (Kol) Hindàk snow there 
(PI. I, Figs 23 29), and also succeeded to establish its pure culture. 

Gyórffy and Kol collected Carteria green snow in 1927 and 1932 in thè 
Bela Limestone Alps, in thè Trystarska (Triscarska Dolina) Valley between thè 
Greiner and thè Havran Peaks (see Locality Site No. 5; Photograph 7) at an 
alt. of 1800 m. The pH value of thè snow was 6.5 6.0. The green seston colour 

caused by thè liuge amount of Carteria gyoerffyi Kol (PI. I, Figs 1 8). In thè 

company of Carteria , also thè following microorganisms occured in smaller or 
larger quantities. Pleurococcus vulgaris var. cohaerens Wittr., Tetraedron valdezi 
Kol (PI. I, Figs 30, 34), Koliella tatrae (Kol) Hindàk (PI. I, Figs 23, 29), Chio- 
naster nivalis (Bolli.) Wille (PI. I, Figs 17 —19), Chionaster bicornis Kol (PI. I, 
Figs 35, 36) (Kol 1949, 1968, Kol in mscr.). 

In thè suminer of 1963, Hindàk collected yellowisli-brown snow at an 
alt. of 1600 m in Zelénéhó plesó prope Medené làvky (Locality No. 3); he 
succeded to obtain a pure culture in vitro of thè microorganism. Tliis brownish 
yellow snow was caused by thè mass of Chromulina ettlii Hindàk (Hindàk, 
1969). 

Bl ue-coloured snow is very rare. The microorganisms of only very few 
blue-coloured cryosestons are known (Kol 1968). There is only one literature 
data on thè blue snow of thè High Tatra. In 1872 Czirbesz saw blue-coloured 
snow in thè Poduplaski Valley, Svistovka Dolina (Gefrorener See) at altitude 
2047 in (see Gyórffy', 1927; Paryski, 1951). The microorganisms of tliis blue- 
coloured snow are, however, not known. 

The most frequent coloured snow in thè Tatra is black snow (Photo¬ 
graph 5). It was only in a very few otlier mountains that I found snow of such 
black colour as thè one of thè Tatra. It can he said that black snow is thè 
charactcristic coloured snow of thè Tatra, or more generally of thè European 
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mountains. Tlie details of thè causes of black snow are not yet known. Yery 
likely it is partly caused hy strong carbonization and by various Chlorobacteria 
and other bacterial species. 

Yery little is stili known about thè life conditions, thè causes and con- 
ditions of thè mass distribution of nivicolous microorganisms. This is also onc 
of thè reasons why cryoseston discolourations brought under thè microscope 
of research workers. 


P H measurements 

The third period of cryobiological researches actually began when thè 
attention of researchers began to extend to also thè physical and Chemical 
characteristics of biotopes, and experiments were carried out to obtain micro¬ 
organisms in cultures of laboratories. 

I began pH measurements first in thè area of thè High Tatra and in thè 
Bela Limestone Alps, in 1932, then in thè Swiss Alps in 1933, and again in 
North America on thè snow fields and glaciers of thè Rocky Mountains and 
of Alaska in 1936. 

The results of pH measurements based on several hundreds of measure¬ 
ments taken for some years in thè ITigh Tatra, are included in Tables 1 and 2. 
In thè High Tatra pH measurements were taken in situ in each case, witli thè 
help of a Hellige comparator, every year in July and August in 1932, 1934, 
1935, 1938. 

As cari be seen in Table 1, pH values are not identical at various depths 
and on thè surface; a difference of a few decimals always occur. The pH value 


Table 1 


pH of snowfields 


I o -ality of thè snowfields 

Altitude, 

in 

Colmir 

P » 

on surface 

pH 

at 10 cm 

High Taira Granite Tatra 

Great Papyrus Yalley, Dolina Dzika by waterfall 

1700 

black 

5.5 

5.2 

Great Papyrus Valley, Dolina Dzika 

1650 

black 

5.4 

5.2 

Valley of thè Green Lake of Késmàrk 

1600 

black 

5.5 

5.2 

Below thè Késmark Peak 

1700 

— 

5.4 

5.2 

Below thè Késmark Peak 

1650 

— 

5.5 

5.2 

Trummer Valley, Dolina Zinisk 

2100 

red 

5.5 

5.2 

Mlinica Valley below thè Schleier waterfall 

1770 

— 

5.4 

5.2 

Valley of thè Frog Lake 

— 

black 

5.5 

5.3 

Skok Lake snow 


— 

5.4 

— 

Ice Lake snow 

1920 

— 

5.4 

5.2 

Meeraug Peak, ltysy 

2000 

— 

5.2 

5.0 

Hunfalvy Pass 

— 

— 

5.2 

5.0 

Doller Lake. snow 

2000 

red pink 

5.2 

5.0 
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Table 2 


pH of snowfields at different depths 


Locality of snowfields 

Altitude, 

Surface 


pH at different depths 
of tbe snow, cm 





5 

10 

20 

30 

50 

High Tatra Granite Tatra 








Triimmer Valley, Dolina Zmisk red 
snow 

2180 

5.4 

5.5 

5.2 

5.2 

5.2 

5.2 

5.0 

Great Papyrus Valley, Dolina Dzika 

1700 

5.5 

5.4 

5.2 

5.2 

5.2 

5.0 

5.0 

Bela Limes Alps Tatrach Bielskich 

Kepy Valley, Dolina Kepy green snow 

1420 

6.5 

6.2 

6.0 

6.0 



Tryskarska Valley, Tryskarska Dolina 
green snow 

1800 

6.5 

6.2 

6.2 

6.0 


— 

Tryskarska Valley, Triskarska Dolina 
green snow 

1740 

6.5 

6.2 

6.0 

5.9 


— 


of thè Triimmer Tal red snow is 5.5, 5.4 on thè surface while at a depth of 5 cm 
it is 5.2, and at a depth of 50 cm it is only 5.0. The same holds for thè pH 
values ineasured in thè Papyrus Valley. 

In thè Bela Limestone Alps, thè pii vaine of thè snow surface was 6.5, at 
a depth of 10 cm it was 6.2 and at 20 cm it was only 6.0 (Table 1). 

Table 2 gives thè results of thè measurements carried out in several 
areas in thè Granite Tatra. It is clear from thè measurements, taken far from 
each other, and at various altitudes, that thè pH value of thè snow surface in 
thè granite field was 5.5 5.4, at 10 cm it decreased to 5.2, and sporadically 

even to 5.0. 


Explanation to Piate II 

l’hotograph 1 Triimmer Valley, Oinladékvòlgy, Dolina Zmisk, Puszta Dolina, Lowland Plain 
Dolina, alt. 2000—2100 m; thè locality of Chlamydomonas nivalis red snow (Locality No. 2) 
Photograph 2 Frog Lakes, Zabile stawu, Békàs tavak: above thè Lake, below thè Simon 
tower, red snow spots (Locality No. 15) 

Photograph 3 Hinzen See, Lake and Cubrina Hincové Pleso v. pozadu Cubrina 
Photograph 4 Trystarska Valley, Trystarska Dolina, between thè Greiner and Havran peaks; 

thè locality of Carteria gyoerffyi Kol (Locality No. 5) 

Photograph 5 Black snow of a snow-gate in thè valley of thè Késmark Green Lake below thè 

Késinàrk peak 

Photograph 6 The Great Papyrus Valley in thè valley of thè Késmark Green Lake; thè snow 
field below thè fall is thè originai locality of Raphidonema brevirostre Scherffel; top: Miendzana 
Lafka (Localities Nos 3, 3a, 6 and 12) 

Photograph 7 Dòller Lake with pink snow; thè locality of Scotiella tatrae Kol (Locality 

No. 10) 

Photograph 8 The originai locality of Koliella tatrae (Kol) Hindak, in thè Béla Liniestone 
Alp, with Koliella tatrae green snow (Locality No. 1) 
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It appears from thè pH measurements (Tables I and II) tliat pH values 
5.5 5.4 are characteristic of thè snow surface in granite areas, whiie in thè 

Bela Limestone Alps higher pH 6.5 6.0 values are characteristic. 

My results obtained on thè basis of pH measurements in thè Alps and 
in North America were similar. 

In thè mountains composed of acidic rocks, thè pH value of thè snow 
surfaces is 5.5 5.2, while in mountains containing limestone thè pH values of 

snow surfaces are 6.5 6.0. The characteristic coloured snow of thè latter 

areas is green snow. lt also follows from tliis tliat thè microorganisms of thè 
green snow are calciphilous. The characteristic coloured snow of thè mountain 
consisting of acidic rock is red snow. 

I have made tliis statement with reference to thè areas in which 1 liave 
carried out researches. Naturally, if some outside effect influences thè snow 
surface, thè value of thè higlily sensitive pH may vary. The influencing factor 
is not thè circumstance whether thè snow lies on granite or on limestone rocks, 
but thè quality of thè minerai matter fading from thè surrounding rock walls 
on to thè snow surface and solving there at times in thè water of thè thawing 
snow. Then, naturally, it servcs as a nutrient for thè nivicolous microorganisms. 
The various micro-organic species settle on thè diverse cryobiotopes, according 
to their nutrient requirements. Several authors took pH measurements in thè 
High Tatra: Hindak (1970), Javorniczky (1970); in thè Antarctic: li. 
Fukushima (1959), and E. G. Fogg (1967); in North America: W. Tomason 
(1969) in California and in Sierra Nevada R. K. Garric (1965), in thè Olympic 
Mountain, in thè Mt. Rainer Nat. Park and in thè neighbouring mountains and 
also in thè Carstens Mountain in New Guinea; J. A. Peterson in thè Spitz- 
bergen; and S. Eurola in Finland. 

The second part follows in thè next number. 
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We examined thè seasonal dynamics of P, N and K in thè various phytomass 
fractions and thè soil parallel with thè seasonal dynamics of thè phytomass in peren- 
nial open sandy steppe-meadow — Festucetum vaginatae danuhiale which is char- 
acteristic of and generally spread on tlie sandy soils in thè Danube—Tisza Mid- 
Region. The plant matter and soil of thè 22 monolith samples of 20x20x20 cm, 
taken monthly in 1971, was elaborated. 

It could he inferred that in thè phytomass, in its individuai fractions, thè 
concentration of nitrogen is thè highest, potassimo is lower then that, while thè con- 
centration of phosphorus is about one order smaller. All thè three elements occur 
in highest concentration in thè living parts. The decrease in nitrogen concentration 
shows an order of living aboveground parts, dead aboveground parts, and roots. 
In thè case of potassimo and phosphorus, thè order of decrease in element concentra¬ 
tion is aboveground parts, roots, dead aboveground parts. 

The concentration of all thè three elements examined is much lower in thè soil. 
The bulk of thè nutrients accumulated in thè phytomass occurs in thè belowground 
parts. The total phytomass of thè perennial open sandy steppe-meadow contains about 
100 kg nitrogen, 30 kg potassium and 7—8 kg phosphorus in an area of 1 hectare. 
The total nitrogen content of a suitable stratum of soil — 20 cm thickness in an area 
of one hectare — is about 1000—1200 kg, its total potassium content is 3000—3200 
kg; its total phosphorus content is of a value around 300— 500 kg. The available 
quantities of thè nutrients are about 12 kg nitrogen, 150 kg potassium and 30 kg 
phosphorus. 

In thè soil-plant System examined, a varying proportion of thè elements are 
under biological control, that is, 10% of total nitrogen, 3% of total phosphorus and 
about 1% of potassium. 

In thè case of nitrogen, thè ratio between thè Stores of elements that can be 
incorporated and those that are accumulated in thè phytomass indicates that thè 
presence of available nitrogen in thè soil can restrict thè quantity of N actually in¬ 
corporated in to thè organic matter, and so thè production itself, as a minimum factor. 


Introduction 

In thè framework of thè International Biological Program (IBP) thè 
examination into thè turnover of thè minerai matter of ecosystems has come 
to thè foreground. The researches attempt to follow thè methodology of System 
analysis (Pomeroy, 1970), and clarify thè element spectrum of thè biological 
cycle, thè quantity of mineralomass, thè volume and speed of circulation 
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(Basilevich-Rodin, 1971; Basilevich, 1973).Theseparameters assume arather 
varying pattern in thè various plant formations covering thè earth surface. 

Investigations into thè minerai matter distribution and seasonal dynam¬ 
ics of grassland communities dry steppes, sandy meadows bave been carried 
on by several especially Soviet researchers (Basilevich, 1965; Bogdanov, 
1970; 1971; Karpov, 1958; Turina—Zeinalasvili, 1965; Fartushina, 1971; 
Basilevich, 1973; Jakrlova, 1972; Ulehlova, 1972 etc.), and thè generai 
review concerning thè whole earth surface is also associated witli thè names of 
Soviet authors (Basilevich—Rodin, 1969; 1971). 

In Hungary, thè examination into thè distribution, and seasonal dynam¬ 
ics of thè three most important nutrients P, N and K has been set as a purpose 
related to thè phytomass examinations taking place within thè IBP/PT 
section. This question is especially important in relation to sandy soils and 
their vegetation, since 24% of thè area of our country is sand field, which frorn 
thè viewpoint of thè national economy bears great importance both in its 
originai and cultivated States. 


Material and methods 

Our examinations were carried out in thè Danube Tisza Mid-Region in 
thè IBP sampling area of Csévharaszt, in 1971. (For thè cliaracterization of 
thè Festucetum vaginatae danubiale plant community see Kovacs-Lang, 1970; 
Simon, 1971; Kovacs-Lang Szabó, 1971; Verseghy Kovacs-Lang; 1971). 

For thè purposes of thè examinations, 22 contiguous long rectangle- 
shaped areas soil monolith of 20x20x20 cm, were taken monthly out of thè 
characteristic stand of perennial open sandy steppe-ineadow. The following 
fractions were separated from thè phytomass of thè samples: thè aboveground 
living material of Festuca vaginata , and of other flowering plants ( Potentilla 
arenaria , Koeleria gracilis , Medicago minima , Alkanna tinctoria , Polygonum 
arenarium ), total flowering aboveground dead phytomass, moss-lichen phy¬ 
tomass (e. g. Cladonia magyarica , Cl. furcata, Parmelia pokornyi , Cl. convoluta ), 
and belowground plant parts. By using wet digestion techniques in con- 
centrated H 2 S0 4 (after Kjeldahl’s method) in thè plant matter of thè 
phytomass fractions owing to their small weight, four of them were taken as 
one sample thè potassium content was determined hy means of flame plioto- 
metry, thè nitrogen and phosphorus by colorimetry. 

In order to determine thè total N content of thè soil thè material was 
digested in concentrated H 2 S0 4 and after distillation thè N was measured by 
titrimetry. The determination of total and soluble potassium content was 
carried out by flame photometry, that of absorbable phosphorus by colori¬ 
metry after extraction by an ammonium lactate solution. 
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Resulta and discussion 

The dynamics of phosphorus 

The phosphorus concentration in thè phytomass fractions is shown in 
Tahle 1. P-concentration is thè highest in thè living ahoveground fiorai parts, 
and within tliis, in thè “other flowering” fractions consisting mainly of di- 
cotyledons. The P-content of thè roots is suhstantially lower than that of thè 
ahoveground living parts, it amounts to 70% of that (related to thè above- 
ground living parts of Festuca vaginata). The dead parts of thè flowering 
plants which thè steppe meadow consist of show thè lowest P-concentration. 
The P-content of thè moss-lichen fraction is also a low value being near to 
that of thè latter flowering fraction. The phosphorus content values determined 
by us for thè phytomass fractions show satisfactory correspondence witli tliose 
measured in wild-growing plants of thè country (Simon Tolgyesi, 1969). 

According to our investigations, thè phosphorus concentration of thè 
individuai phytomass fractions show a fluctuation of various extent during 
thè vegetation period. The fluctuation is of lowest extent in thè P-content of 
thè roots, which amounts only to 15% of thè maximum value. That of thè 
ahoveground dead fiorai parts is about 17%, and in thè ahoveground living 
parts of Festuca vaginata is about 18%. The cryptogamous fraction shows 
fluctuation of about 20%. In comparison witli thè other fractions, thè seasonal 
fluctuation in thè P-concentration in thè ahoveground other flowering phyto¬ 
mass fraction is remarkably high, amounting to about 48%. The probable 
reason for tliis may be that thè species composition of thè “other flowering” 
fraction changes witli thè changes in thè aspects of thè steppe meadow in thè 

Table 1 


Total phosphorus concentration of thè phytomass fractions 
in Festucetum vaginatae danubiale grassland , mg % 


1971 

IV. 

v. 

VI. 

VII. 

Vili. 

IX. 

x. 

Ahoveground living mat- 
ter of Festuca vaginata 

92.68 

98.66 

84.00 

84.16 

92.00 

89.66 

102.66 

Ahoveground living “other 
flowering” parts 

171.56 

120.38 

101.72 

125.62 

151.84 

89.51 

148.64 

Ahoveground dead flower¬ 
ing phytomass 

59.00 

51.66 

53.33 

55.53 

62.00 

54.33 

55.66 

Moss-lichen phytomass 

54.33 

50.86 

59.66 

61.66 

63.66 

55.00 

62.86 

Belowground phytomass 

69.53 

65.33 

60.66 

63.66 

69.86 

61.00 

60.66 

Soluble phosphorus con¬ 
centration of thè soil 

0.87 

0.87 

1.05 

1.05 

0.96 

0.87 

1.53 
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course of thè vegetation period, therefore, thè phytomasses of plant species 
were variably dominating in thè materials coming under investigations froin 
thè various periods. The picture is complicated by thè fact that thè P-content of 
thè various species — according to their phenophase — also changes with time. 

The phosphorus concentration of thè aboveground living part of thè 
dominant Festuca vaginata shows a minimum in thè period of production 
maximums. The changes in P-concentration of thè belowground phytomass 
consisting mainly of thè rootparts of Festuca follow a sirnilar course. It is only 
in thè autumn period when a difference is found, i.e. thè P-content of thè living 
aboveground parts increases considerably, while that of thè roots decrea^es. 

The absorbable P-concentration in thè soil of thè monoliths, whicli can 
be deterinined by extraction with ammonium lactates, is of a low value in 
relation to that of plant materials. It is characteristic of its seasonal variation 
that in opposition to thè decrease found in thè living plant parts in thè first 
half of thè vegetation period, its quantity tends to increase. 

The absolute maximum of thè available P-content of thè soil occured in 
October, when thè intensity in thè nutrient uptake of thè vegetation decreases. 
The available phosphorus content of thè soil is very small in thin sand soils, 
but thè total P-content is not a high value either (10 50 ing%). The quantity 

of thè available phosphorus is decreased owing thè high CaC0 3 (1.5 3%; pH 

7.0 7.2) and Si0 2 content, whicli bind thè phosphorus compounds in a dis¬ 

sol uble forin. 

By knowing thè weight and phosphorus concentration of thè phytomass 
fractions thè quantity of thè phosphorus accumulated in thè phytomass and 
soil volume of a unit arca can be determined (Table 2). It can be seen that thè 
quantity of thè phosphorus contained by thè monolith is determined above all 
by thè phytomass volume. For exainple in June is as follows: in thè above¬ 
ground living parts of Festuca vaginata there is 0.232 kg P/ha, in that of “other 
flowering plants” 0.032 kg/ha; in thè dead aboveground phytomass there is 


Table 2 

The quantity of phosphorus accumulated in 
of monoliths (mg/monolith) and its distribution in thè phytomass 



IV. 

V. 


mg 

% 

mg 

% 

Aboveground living material of Festuca vaginata 
Aboveground living “other flowering” parts 

0.49 

1.33 

1.04 

3.26 

0.33 

0.90 

0.22 

0.69 

Aboveground dead flowering phytomass 

4.18 

11.34 

3.85 

12.10 

Moss-lichen phytomass 

2.63 

7.16 

2.62 

8.24 

Belowground phytomass 

29.19 

79.28 

24.12 

75.71 

Total plant phosphorus 

36.83 

100.00 

31.86 

100.00 

Soluble phosphorus content of thè soil 

105.10 


105.10 
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0.957 kg/ha P, while in thè phytomass of mosses and lichens 0.506 kg/ha, in 
thè subterranean phytomass 5.613 kg/ha, and thè amount of available phos- 
phorus in thè soil is 31.7 kg/ha. Since thè material of thè root fraction is 
dominant in thè phytomass, 70% of thè phosphorus incorporated in thè phyto¬ 
mass is found in thè roots. Among thè aboveground parts, of thè quantity of 
thè phosphorus is most considerable in thè dead fiorai parts, where it is about 
15% of thè total plant phosphorus. The “other flowering” fraction owing to 
its small volume of phytomass contains thè smallest quantity of phosphorus, 
whereas its phosphorus concentration as has been seen was thè highest. 

The quantity of phosphorus that can he incorporated in thè soil of 
monoliths — in spite of its low concentration — is about four times thè phos¬ 
phorus quantity of thè phytomass. Considering that thè quantity of phosphorus 
which can be incorporated is only some 2 3% of thè total phosphorus content 

of thè soil (Fekete Hargitai Zsoldos, 1967), we can see that thè substrato 
has a considerable pool of phosphorus. 


The dynamics of nitrogen 

The total N-concentration of thè phytomass fractions and of thè soil of 
thè monoliths is shown in Table 3. Similarly as in thè case of phosphorus, thè 
nitrogen concentration is also thè highest in thè aboveground plant parts, 
especially in thè living parts of dicotyledons constituting thè “other flowering 
fraction”. 

The N-concentration of thè aboveground dead phytomass is lower than 
that in thè living parts, but thè difference is not so great as has been in thè case 
of phosphorus. Among thè phytomass fractions of flowering plants, according 
to our measurements, thè nitrogen concentration of thè belowground parts is 
thè lowest, however, thè difference is only some 10 20%, in comparison with 

thè living parts of Festuca. 


thè plant material and in thè soil 

fractions , Festucetum vaginatae danubiale 1971 


VI. 

VII. 

Vili. 

IX. 

X. 

mg 

% 

mg 

% 

mg 

% 

mg 

% 

mg 

% 

0.93 

3.17 

0.85 

2.76 

1 

0.78 

2.20 

0.95 

3.95 

0.89 

3.50 

0.13 

0.44 

0.23 

0.75 

0.39 

1.10 

0.38 

1.58 

0.33 

1.30 

3.84 

13.06 

5.25 

17.05 

5.24 

14.80 

4.03 

16.78 

5.03 

19.78 

2.03 

6.89 

2.62 

8.51 

2.15 

6.08 

2.93 

12.18 

2.16 

8.48 

22.45 

76.44 

21.83 

70.93 

26.84 

75.82 

15.74 

65.51 

17.03 

66.94 

29.37 

100.00 

30.78 

100.00 

35.40 

100.00 

24.03 

100.00 

25.44 

100.00 

126.8 


126.8 


115.9 


105.1 


184.8 
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Table 3 


Tefal nitrogen concentration of thè phytomass fractions 
in Festucetum vaginatae danubiale grassland , mg % 


1971 

IV. 

V. 

VI. 

VII. 

Vili. 

IX. 

X. 

Aboveground living material 
of Festuca vaginata 

1392.54 

1066.00 

884.00 

954.17 

1218.00 

1454.63 

1334.32 

Aboveground living “other 
flowering” parts 

1923.81 

1898.12 

1206.89 

1345.81 

1803.72 

1980.63 

2061.08 

Aboveground dead flower¬ 
ing phytomass 

1000.00 

912.67 

874.66 

941.33 

999.33 

1008.00 

930.00 

Moss-lichen phytomass 

933.33 

794.66 

939.33 

981.33 

1046.67 

1056.66 

1006.66 

Belowground phytomass 

1066.66 

903.33 

846.66 

856.66 

866.66 

926.66 

923.33 

Total nitrogen concentration 
of thè soil 

40.64 

30.93 

40.46 

29.47 

33.06 

34.84 

41.97 


In our sampling area thè N-content of thè moss-lichen fraction is lower 
than that in thè flowering plants, only in autiimn it reaches 1000 mg% that 
is an about 1% value. Similar results were obtained when examining thè N- 
metabolism of lichens in more details (Verseghy Kovacs-Lang 1974). 

The fluctuations in thè N-concentration of thè individuai phytomass 
fractions are different during thè vegetation period. The fluctuations in thè 
N-content is of thè smallest value about 10% in thè aboveground dead 
phytomass fraction, while it is highest in thè aboveground living parts of 
Festuca vaginata , where it amounts to about 35%. It is interesting that thè 
nitrogen concentration of thè “otlier flowering” fraction of heterogeneous 
species composition does not show a fluctuation of too high v alue, it is only 
about 25%. 

In thè aboveground flowering parts it is characteristic of thè course of 
seasonal changes in thè N-content that after showing high values early in 


Table 4 


The quantity of nitrogen accumulated in thè plant material and in thè soil of monolith (mg/monolith ) 



IV. 

V. 


m g , 

% 

mg 

% 

Aboveground living material of Festuca vaginata 

7.41 

j 

1.29 

11.30 

2.47 

Aboveground living “other flowering” parts 

1.78 

0.31 

3.53 

0.77 

Aboveground dead flowering phytomass 

70.76 

12.35 

68.08 

14.88 

Moss-lichen phytomass 

45.26 

7.90 

41.00 

8.96 

Belowground phytomass 

447.86 

78.15 

333.50 

72.91 

Total plant nitrogen 

573.07 

100.00 

457.41 

100.00 

The total nitrogen content of thè soil 

4908.31 


3736.34 
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springtime, it gradually decreases until July, then in September and October 
reaches again a maximum which overpasses thè spring values. According to 
thè measurements of Fartushina (1971), thè N-concentration of thè above- 
ground plant parts is thè highest in springtime, then it gradually decreases 
and shows a minimum in October. The autumn second maximum measured by 
us in thè Festucetum vaginatae steppe meadow may be related to thè differing 
developmental rhythm of this steppe meadow. Our informative N-content 
measurements, carried on from thè dry matter of our phytomass examinations 
of 1968, also showed a September maximum, similar to thè measurements in 
1971. 

The N-content of thè belowground parts shows a pattern similar to that 
in thè aboveground living fraction. The higher N-content of thè litter in Aprii 
and September may be in relation with thè increase in thè biomass of thè 
rnicro-organism decomposing thè litter in these periods, which was indicated 
also by Basilevich (1965). 

The total N-concentration of thè soil of monoliths is a very low value. 
This is in correlation with thè low organic matter content of thè weakly humic 
sandy soils. 99% of thè nitrogen in thè soil is in organic binding with thè 
humic matters of thè soil and it is only a very small proportion some 1%, that 
can be mobilized easily. The total nitrogen content of thè soil shows sharp 
fluctuations at thè beginning of thè vegetation period. Its value is low in 
summer, but rises by autumn. 

The N-quantity that can be found in thè phytomass and in thè soil, 
calculated for a unit area and a corresponding soil layer is shown in Table 4. 
The quantity of incorporated N is determined by thè phytomass, similarly to 
phosphorus. The quantity of N present in thè phytomass fractions and in thè 
upper 20 cm layer of thè soil, calculated for one hectare, for example in June, 
is as follows: in thè aboveground living matter of Festuca vaginata it is 2.452 
kg/ha, in thè aboveground living matter of other flowering plants it is 0.397 
kg/ha; in thè aboveground dead flowering phytomass it is 15.722 kg/ha; in 


and its distribution in thè phytomass fractions Festucetum vaginatae danubiale 1971 


VL 

VII. 

Vili. 

IX. 

X. 

mg 

% 

mg 

0/ 

/o 

mg 

% 

mg 

% 

mg 

% 

9.81 

2.34 

9.64 

! 

2.21 

10.35 

2.21 

12.42 

3.18 

11.61 

2.95 

1.59 

0.38 

2.42 

0.55 

4.69 

1.00 

8.52 

2.18 

4.53 

1.15 

62.89 

14.99 

88.95 

20.38 

84.54 

18.07 

74.79 

19.13 

84.07 

21.34 

31.88 

7.60 

41.71 

9.56 

35.37 

7.56 

56.21 

14.37 

34.53 

8.77 

313.38 

74.69 

293.75 

67.30 

332.94 

71.16 

239.08 

61.14 

259.18 

65.79 

419.55 

100.00 

436.47 

100.00 

467.02 

1 100.00 

391.02 

100.00 

393.92 

100.00 

4887.57 


3559.97 


3993.65 


4208.67 


5069.97 
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moss-lichen phytomass 7.970 kg/ha, in thè belowground phytomass it is 
78.345 kg/ha; and thè total N-content of thè corresponding soil layer is 
1221.890 kg/ha. 

The greatest portion (60 —70%) of thè N incorporated in thè plant parts 
of monoliths is found in thè roots, since this is thè most significant one among 
thè phytomass fractions. Among thè aboveground plant parts, thè dead 
flowering fraction contains 15 — 20% of thè total plant nitrogen, thè cryp- 
togamous fraction contains 8 — 9% while thè living flowering parts only some 
2 4% of thè total plant nitrogen. 

The seasonal ehanges in thè nitrogen quantity accumulated in thè in¬ 
dividuai phytomass fractions correspond to thè seasonal ehanges in phyto¬ 
mass fractions. 

The quantity of total N-content present in thè soil of thè monoliths is 
almost ten times that of thè plant nitrogen. The distribution of thè N-content 
of monoliths between soil and plant components is shown in Table 7. 

The dynamics of potassium 

The potassium concentration of thè phytomass fractions and thè total 
and thè soluble potassium concentration of thè soil are shown in Table 5. The 
potassium concentration is thè highest in thè aboveground “other flowering” 

Table 5 


Total potassium concentration of thè phytomass fractions 
in Festucetum vaginatae danubiale grassland, mg % 


1971 

1 

IV. 

V. 

VI. 

VII. 

Vili. 

IX. 

X. 

Aboveground living mate¬ 
rial of Festuca vaginata 

| 

744.91 1 

987.33 

663.33 

587.16 

656.66 

671.11 

696.29 

Aboveground living “other 
flowering” parts 

1328.01 

1126.19 

844.83 

908.73 

1177.06 

948.19 

1253.62 

Aboveground dead flower¬ 
ing phytomass 

175.33 

190.13 

160.00 

166.66 

182.66 

164.00 

177.33 

Moss-lichen phytomass 

220.00 

220.66 

200.66 

205.33 

225.33 

222.80 

256.00 

Belowground phytomass 

230.33 

256.33 

256.00 

225.00 

237.40 

186.66 

187.33 

Total potassium concentra¬ 
tion of thè soil 

107.30 

109.90 

106.90 

105.30 

101.30 

96.70 

98.60 

0.1 n acid-soluble potassium 
concentration 

4.85 

4.83 

4.96 

4.76 

4.90 

4.40 

4.42 

Potassium concentration 
soluble in ammonium 
lactate 

4.56 

4.18 

4.56 

4.15 

4.15 

3.73 

5.56 

Water-soluble potassium 
concentration 

1.24 

1.12 

1.26 

0.95 

1.06 

1.03 

| 119 
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living phytomass fraction consisting mainly of dicotyledons. The K-content 
of thè aboveground living parts of Festuca vaginata is much lower than 
this. 

Especially high is thè difference in thè potassium concentration of thè 
living and dead parts of thè aboveground flowering phytomass. Since thè dead 
parts originate mainly from thè Festuca vaginata , thè K-content of thè dead 
parts is compared witli thè living parts of thè dominant constituents of grass- 
land. Taking this as a basis, it can he inferred that thè percentage K-content 
of thè dead parts is only about a quarter of that of tlie living parts. A possible 
reason for this is thè great mobility of K, and its basipetal distribution within 
thè plants. A large proportion of K is concentrated in thè growing young 
parts, thè aging decaying parts are from thè beginning of low K-content. After 
thè decay in plant parts, thè K from them can be easily washed out. All these 
factors together can explain thè very low K-content of thè litter. 

The potassium content of thè belowground parts is also much lower 
than that of thè aboveground living parts, but it surpasses that of thè above¬ 
ground dead parts. 

The potassium concentration of thè cryptogamous fraction is also 
characterized by low values and low fluctuation. 

The fluctuation of thè K-concentration during thè vegetation period is 
of different extent in thè phytomass fractions. The aboveground dead flowering 
fraction showed thè lowest fluctuation (about 15%), but thè fluctuation found 
in thè cryptogams is near to that (about 15%). Fluctuation is strong in thè 
living aboveground parts of flowering plants, where it amounts to about 40% 
in thè case of both thè dominant species of grassland and thè “other flowering” 
plant parts. 

The total K-concentration that can be found in thè soil is much lower 
than that in thè plant matter. At thè beginning of thè vegetation period, 
higher values are characteristic of it, but from August on K-concentration 
shows a definite decrease. 

The quantity of K accumulated in thè plant matter and soil of monoliths 
is shown in Table 6. Its quantities calculated for one hectare are, for example, 
in June as follows: in thè aboveground living matter of Festuca vaginata 
1.84 kg/ha; in thè “other living flowering” parts it is 0.28 kg/ha, in thè above¬ 
ground dead flowering phytomass it is 2.87 kg/ha, in thè phytomass of mosses- 
lichens 1.70 kg/ha; in thè belowground phytomass 23.68 kg/ha while thè 
quantity of thè total K in thè soil is 3228.4 kg/ha; from this, 148.8 kg/ha is 
acid-soluble, and 38.05 kg/ha is water-soluble. 

The K-distribution in thè phytomass fractions, similarly as in N and P, 
corresponds to thè proportion of phytomass fractions. The quantity of thè 
total accumulated in thè soil surpasses thè quantity of plant potassium; thè 
latter does not reach even one per cent that of thè former (Table 7). 
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Table 6 

The quantity of potassium accumulated in thè plant material and in thè soil 

vaginatae 



IV. 

V. 


mg 

% 

mg 

% 

Aboveground living material of Festuca vaginata 

3.95 

3.13 

10.46 

7.89 

Aboveground living “other flowering” parts 

2.52 

2.00 

2.09 

1.58 

Aboveground dead flowering phytomass 

12.41 

9.83 

14.18 

10.68 

Moss-lichen phytomass 

10.67 

8.45 

11.38 

8.57 

Belowground phytomass 

96.71 

76.60 

94.64 

71.29 

Total plant potassium 

126.26 

100.00 

132.75 

100.00 

Total potassium content of thè soil 

12 961.84 

13 275.92 

Acid soluble potassium content of thè soil 

585.88 

583.46 

Water-soluble potassium of thè soil 

149.79 

135.29 


Table 7 


Distribution of thè total nitrogen and potassium content 

Festucetum vaginatae 



IV. 

m g | % 

V. 

mg 

% 

Total nitrogen content of thè monolith 

5 482.38 

100 

4 193.75 

100 

Plant nitrogen 

573.07 

10.45 

457.41 

10.91 

Soil nitrogen 

4 908.31 

89.55 

3 736.34 

89.09 

Total potassium content of thè monolith 

13 088.10 

100 

13 408.67 

100 

Plant potassium 

126.26 

0.96 

132.75 

0.99 

Soil potassium 

12 961.84 

i 

99.03 

13 275.92 

99.00 


Diseussion and conclusion 


Comparing thè occurrences and quantities of thè elements examined in 
thè various phytomass fractions, we can infer that thè concentration of thè 
nitrogen is thè highest, potassium is lower than that, while thè concentration 
of phosphorus is almost one order smaller than that of thè former two. 

All three elements occur in thè highest concentration in thè aboveground 
living parts. Their distribution within thè phytomass fractions of thè flowering 
plants is not totally uniform. The decrease in thè nitrogen concentration shows 
thè order of aboveground living parts, aboveground dead parts, and roots. In 
thè case of potassium and phosphorus: aboveground living parts, roots, 
aboveground dead parts is thè order of concentration decrease in thè elements. 

In thè phytomass of thè cryptogams, thè concentration of thè elements 
examine that is N > K >> P shows a similar order. The concentration 
of all three elements is much lower in thè soil. 
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of monoliths (mg/monolith) and its distribution in thè phytomass fractions Festucetum 
danubiale 1971 


VI. 

VII. 

Vili. 

IX. 

X. 

mg 

% 

mg 

% 

mg 

% 

mg 

% 

mg 

% 

7.36 

6.06 

5.93 

5.43 

5.58 

4.54 

7.11 

8.53 

6.05 

7.02 

1.11 

0.91 

1.63 

1.49 

3.06 

2.49 

4.07 

4.88 

2.75 

3.19 

11.50 

9.46 

15.74 

14.42 

15.45 

12.57 

12.17 

14.60 

16.03 

18.60 

6.81 

5.61 

8.72 

7.99 

7.62 

6.20 

11.85 

14.22 

8.78 

10.19 

94.75 

77.96 

77.15 

70.67 

91.21 

74.20 

48.16 

57.77 

52.58 

61.00 

121.53 

100.00 

109.17 

100.00 

122.92 

100.00 

83.36 

100.00 

86.19 

100.00 

12 91 

3.52 

12 720.24 

12 237.04 

11 681.36 

Il 910.88 

599.17 

575.11 

591.92 

531.52 

533.94 

152.21 

114.76 

128.05 

124.42 

143.75 


of monoliths between soil and plant components 
danubiale 1971 


VI. 

VII. 

Vili. 

IX. 


X. 


mg 

% 

mg 

% 

mg 

% 

mg 

% 

1 mg 

% 

5 307.12 

100 

3 996.44 

100 

4 461.55 

100 

4 599.69 

100 

5 463.89 

100 

419.55 

7.91 

436.47 

10.92 

467.90 

10.49 

391.02 

8.50 

393.92 

7.21 

4 887.57 

92.09 

3 559.97 

89.08 

3 993.65 

89.51 

4 208.67 

91.50 

5 069.97 

92.79 

13 035.05 

100 

12 829.41 

100 

12 359.65 

100 

11 764.72 

100 

11 997.07 

100 

121.53 

0.93 

109.17 

0.85 

122.92 

0.99 

83.36 

0.71 

86.19 

0.72 

12 913.52 

99.06 

12 720.24 

99.14 

12 237.04 

99.00 

11 681.36 

99.29 

11 910.88 

99.28 


The quantities of elements accumulateci in thè phytomass and in thè soil 
weight/surface or volume unit show different proportions. 

Since thè phytomass is identical, thè quantity of nitrogen, potassium 
and phosphorus accumulated in thè plant parts, calculated for a unit area, 
change in thè order of thè concentration proportions. 

On one hectare in thè upper 20 cm soil layer of Festucetum vaginatae 
danubiale grassland, thè quantity of thè nitrogen accumulated in thè total 
phytomass is about 100 kg, that of thè potassium is about 30 kg, and that of thè 
phosphorus is about 7 8 kg. At thè same time, thè total nitrogen content of 

thè corresponding soil layer is about 1200 kg; its potassium content is about 
3200 kg, its phosphorus content is 300 -500 kg. The quantities that can be 
incorporated from thè latter are: 12 kg nitrogen, about 150 kg potassium and 
about 30 kg phosphorus. 
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Examining thè distribution of thè individuai elements in thè plant-soil 
System, thè following estimations can be made. 

The distribution of thè organic matter between thè soil and plant parts 
of monoliths is about 50— 50% (Kovacs-Lang, 1974). This can be accepted as a 
proportion of thè distribution of carbon present in thè System. 

In thè soil-plant System, nitrogen shows a distribution of 90 : 10 pro¬ 
portion; phosphorus 97 : 3; and potassium 99 : 1 proportion. Thus, it can be 
seen that in this System — which is represented by monolith samples — a 
changing proportion of thè elements is incorporated in thè phytomass, i.e a 
changing proportion is under biological control. 

The elements whose reservoir is thè soil (P and K) may in their over- 
whelming majority by found in thè soil. The nitrogen, whose main reservoir is 
thè atmosphere, can be found to a rather high proportion in thè soil mainly 
bound in organic matters which are to a large part dead or humified. The 
portions of carbon and nitrogen that can he found in thè soil indicate that 
carbon-turnover in this plant-soil System is faster. 

The turnover of thè elements is most intensive in thè aboveground living 
parts. The changes in thè nutrient supply of thè roots are of smaller extent. 
The possible cause of this is that in this fraction thè dead and thè living parts 
bave been considered together. Quite slow processes are characteristic of thè 
turnover in thè nutrient store of thè aboveground dead flowering parts. The 
above mentioned turnover rates were characteristic of thè intensity in thè 
dynamics of thè elements only in thè vegetation period examined. 

The quantity relations of thè examined elements accumulated in thè 
phytomass in comparison with thè movable and absorhable element supply 
of thè soil is different. 

The quantity of thè potassium present in a unit area of thè phytomass 
is about thè same as thè watersoluble K-supply of thè soil at thè same place. 


Table 8 


The turnover rate of phytomass and thè individuai elements examined , in % 



Total organic 
matter of thè 
phytomass (C) 

p 

N 

K 

Aboveground living matter of Festuca va - 
ginata 

52 

53 

40 

62 

Aboveground living “other flowering” phy¬ 
tomass 

70 

66 

81 

73 

Dead aboveground flowering phytomass 

25 

22 

29 

28 

Belowground phytomass 

38 

46 

46 

50 

Moss-lichen phytomass 

36 

31 

43 

43 
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However, for thè plants, even about four times of this quantity is available 
from thè acid-soluble potassium. 

The quantity of thè phosphorus present is thè phytomass is about a 
third or a quarter of thè absorbable supply present in thè soil. 

In thè case of nitrogen, thè case is reversed, since thè N-quantity in thè 
phvtomass calculated for a unit area is about eight —ten times thè quantity of 
absorbable nitrogen found in thè soil, which is only about 1% of thè total 
nitrogen. The distribution indicates that thè available nitrogen in thè soil can 
restrict thè quantity of N incorporating in thè organic matter, and so also thè 
production itself, as a minimum factor. 

The nutrient distributions found by us in thè examined grassland com¬ 
munity entirely correspond to thc inferences drawn by agrarian experts, 
according to which in sandy soils it is mainly thè lack of nitrogen which can be 
felt, thè proportion of phosphorus is more favourable, wliile thè lack of potas¬ 
sium is a rather rare phenomenon on thè domestic sandy soils (LÀng, 1973). 
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The paper presents a survey of grassland (meadow-pasture) yields investigateci 
by botanists in Hungary. Measureinents were made in thè confines of 60 different 
villages. The names of plant communities used by thè various authors in their work 
published before 1975, thè results of yield measurement of thè 32 communities (values 
converted into g/m 2 ) and thè name of thè authors are given. The highest yield was 
measured in Scirpo-Phragmitetum glycerietosum. 

At thè beginning of phytocenology as a Science, research workers 
evaluated thè vegetation production of a meadow by measuring thè weight of 
vegetation per unit area. Harvested material was grouped according to species 
and thè weight of eaeh species was measured. The dominance of thè species 
was expressed by its share percentage in total weight. These investigations were 
undertaken with a practical purpose in mind (see e.g. Stebler and Schroter). 
During thè later development of phytocenology, researchers abandoned weight 
measurement in favour of abundance and dominance (A D) evaluation 
(Becking, 1957) which proved to be a more rapid procedure and, for certain 
purposes, to be more advantageous. 

Estimation of thè weight of vegetation can be made by direct or indirect 
methods (Lieth, 1962). To asses thè yield of grasslands in Hungary, Ubrizsy 
(1943), Balazs (1949) and Bodrogkozy (in Harmati Bodrogkozy, 1965) 
recommend thè indirect method. The suggested formulae are based on A — D 
values and on hight measurements of thè vegetation. But reliability of neither 
formulae has been established. 

Up to thè 1960’s, before thè IBP was established, MÀthé, Kovacs, 
Jeanplong, Koltay and Précsényi have applied thè harvest and monolith 
methods to obtain direct yield measurements. 

Before thè IBP was launched, yield measurements of meadows and 
pastures were directed by meadow quality analysis and by typology. These 
measurements, in most cases, were carried out during one year and maybe 
only on a single occasion. 

One of thè objectives of thè IBP’s PT section was to appraise thè vege¬ 
tation yield of thè earth and to examine thè factors affecting this yield. In order 
to coordinate research activities, methodological guidelines have been issued. 
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In Hungary, thè Ùjszentmargita and Csévharaszt nature conservation areas 
became thè experimental field of thè IBP. Meadow and pasture plant associa- 
tions with respect to production have been systematically studied for several 
years. 

The present paper gives a summary of examinations carried out at thè 
grassland associations of Hungary; it is based on reports published up to 1975, 
but it ignores measurements which were taken on treated (e.g. fertilized, irrigat- 
ed, etc.) stands, furthermore, it disregards reports which give no clear indi- 
cation of thè yield (e.g. only thè percentage of yield share of each species in thè 
total yield but not thè quantity of thè total crop). 

The reports could have heen grouped according to several aspects (e.g. 
provinces, associations or units above associations, researchers). In a certain 
sense, thè introduced grouping follows thè historical sequence. Of course, there 
are researchers whose activities show an almost unbroken continuity. The 
writer of this paper is of thè opinion that thè division into two parts will 
facilitate thè survey of material which is further promoted by thè fact that 
an attempt has been made to follow thè coenosystematic grouping as given in 
Table 1 and in Fig. 1, indicating those areas in thè country where yield has 



Fig. I. Grassland areas of Hungary where yield measurements were made. 1. The Sopron- 
Koszeg Mountain Range; 2. Flood plain of thè Ràba River; 3. The Cserhàt and thè Gòdòllo 
hills; 4. The Mts. Màtra; 5. The Bereg Plain; Dots indicate marshlands; CsH = Csév¬ 
haraszt; UM = Ùjszentmargita; NL = Nagylak 
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Table 1 


The production of various grasslands in Hungary 


Name of plant associatimi 

Production 

(g/ mZ ) 

Author 

1. Scirpo-Phragmitetum glycerietosum 

810—1060 

Màthé (1968) 

2. Caricetum elatae 

260 

Màthé (1956) 

3. Caricetum gracilis 

275—343 

Màthé (1956) 

4. Caricetum paradoxae 

210 

Màthé (1956) 

5. Caricetum acutiformis-ripariae 

6. Nardo-Festucetum ovinae alopecureto- 

425 

Màthé (1956) 

sum 

200—250 

Màthé—K ovÀcs (1960) 

7. Molinietum coeruleae 

120—250, 154 

KovÀcs (1956), 

Jeanplong (1959) 

8. Junceto-Molinietum 

115—210 

KovÀcs (1956) 

9. Deschampsietum caespitosae 

200—250 

Jeanplong (1959) 

10. Agrostetum albae 

210, 155, 375 

Màthé (1956), Jeanplong 
(1959), Juhàsz-Nagy 
(1959) 

11. Alopecuretum pratensis 

430, 347 

Màthé (1956), Jeanplong 
(1959) 

Alopecuretum ranunculetosum acris 

430 

Juhàsz-Nagy (1959) 

12. Festucetum pratensis 

300, 225, 305 

Màthé (1956), Jeanplong 
(1959), Juhàsz-Nagy 
(1959) 

13. Phalaridetum 

360 

Màthé (1956) 

Rorippo-Phalaridetum 

220—260 

Jeanplong (1968) 

14. Arrhenatheretum elatioris 

520—698, 385—435, 
522 

Màthé (1956), Jeanplong 
(1959, 1970) 

15. Arrhenatheretum-alopecuretosum 

610 

Màthé—K ovÀcs (1960) 

16. Festuco rubrae-Cynosuretum 

17. Festuco rubrae-Cynosuretum arrhena- 

150—220 

Màthé—K ovÀcs (1960) 

theretosum 

300—400 

Màthé—K ovÀcs (1960) 

18. Cynodonteto-Lolietum 

140—174 

Màthé (1956) 

19. Antoxantheto-Festucetum pseudovinae 

490 

Juhàsz-Nagy (1959) 

20. Agrostis alba-Beckmannia eruciformis 

530—630 

Màthé (1968) 

21. Achilleo- Festucetum pseudovinae 

300—450 

Màthé—Précsényi 
(1970, 1973) 

22. Artemisio-Festucetum pseudovinae 

280—325 

Précsényi (1969) 

23. Peucedano-Galatelletum punctati 

230—480 

Zólyomi—Précsényi 
(1970) 

24. Brometum tectorum 

125—230, 207, 240— 
420 

Màthé—Koltay—Pré- 
csényi (1954), Màthé 
(1956), Verseghy— 

K. Làng (1971) 

25. Festucetum vaginatae 

310—400 

Verseghy—K. Làng 
(1971) 
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Table 1 (cont.) 


Name of plant association 

Production 

(g/ m2 ) 

Author 

26. Festucetum ivagneri 

280—450 

Verseghy—K. Lang 
(1971) 

27. Mesobrometum 

160—215 

MÀthé—Koltay— 
Précsényi (1954) 

28. Potentillo-Festucetum pseudovinae 

230 

MÀthé (1956) 

29. Festucetum pseudovinae 

200—220, 150 

MÀthé—J e anplong 
(1954), Juhàsz-Nagy 
(1959) 

30. Chrysopogonetum grylli 

150-200 

MÀthé — Jeanplong 
(1954) 

31. Festucetum sulcatae 

140—170, 120—150 

MÀthé (1956), MÀthé— 
Koltay—Précsényi 
(1954) 

32. Cynodontetum 

85—220, 150 

MÀthé—Koltay— 
Précsényi (1954) 


been measured although thè individuai areas are not marked (a total of about 
60 localities). The reported yield values have been converted into g/m 2 and are 
given in Table 1. where not only yield data are indicated but also thè names 
assigned to thè associations by thè author, thè author, and thè year of publica- 
tion (Ellenberg’s work, published in 1952, informes thè reader on thè names 
of plant associations). In Fig. 2. thè numbers under thè column indicate thè 
serial numbers listed in Table 1. If an author gave more than one data for 
thè same association, minimum and maximum values are given liere. 


Yield measurements and investigations in meadow typology 

MÀthé (1956) deals with thè various types of meadows and pastures of 
thè Cserhàt and thè Gòdollo hills. He surveys thè yield of some 15 hygrophi- 
lous, mezophilous and xerophilous plant communities, establishes thè quality of 
hay, and its ash and raw protein content. The largest quantity and thè highest 
quality of hay grows on Arrhenatheretum meadow. The production of thè hygro- 
philous-type meadow is not less than that of thè mezophilous or thè xero- 
philous-type meadows, although their feeding value is low owing to thè high 
ratio of thè various species of sedge. The quantity as well as thè quality of 
yield diininishes toward thè end of thè summer. 

In Babatpuszta, near Gòdollo, where deforestation resulted in degrada- 
tion, ecological and production investigations on thè evolved meadow were 
conducted by Mathé and Jeanplong (1954). They reported thè weights of thè 
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above- and underground plant parts and thè phenologic relations of plant 
associations. Results of monolith examinations indicate that thè ahoveground 
part of thè vegetation represents only a small percentage of thè underground 
part; however, thè ratio changes during thè vegetation period. The disturb- 
ance of vegetation causes extensive decrease in thè yield of both parts. Two- 
thirds of thè underground parts is found in a depth of 0 to 10 cm. 

Mathé, Koltay and Précsényi (1954) have examined thè changes 
in underground plant parts effected by thè depth and thè phenological 
aspects of plant associations on six pastures of Szàritópuszta near Godòllo. Of 
all stands, Festucetum sulcatae has thè largest grass yield with respect to both 
thè above- and thè underground parts. The lowest yield was measured in Bro- 
metum tectorum containing numerous annuals. Generally 70% of thè root mass 
was found in a depth between 0 and 10 cm. Root density within thè same period 
changed per phytocenosis and thè change of thè latter was related to thè various 
phenophases. 

KovÀCS (1964) reports on thè weight of underground plant parts and on 
thè seasonal rythm of production on marshlands and hayfields near Galga. 
The weight of underground plant parts reached a maximum in thè spring and 
autumn, and had a minimum level in thè summer. The moisture content of 
thè soil effects thè root weight; plant associations supported by soil richer in 
moisture reached their maximum root weight in May, while thè root weight of 
plant associations in drier soils had their maximum in September. During 
thè growth of thè aboveground parts, thè root weight might decrease by 10 
to 15%. 

Mathé and KovÀcs (1960) carried out meadow typological studies in thè 
Mts Màtra with respect to possible economie utilization. They distinguished 
5 meadow types and within subtypes several facies, some of good quality and 
of high hay yield (Festuco rubrae Cynosuretum arrhenatheretosum , Arrhenathe- 
retum elatioris alopecuretosum) . After deforestation, thè production of Festu - 
ceto rubrae Cynosuretum , evolving as thè first community was half or one-third 
of that of thè preceding one (Fig. 2). 

A coenological and ecological survey of thè communities Molinietum 
coeruleae and Junceto-Molinietum, covering relatively large areas in Hungary, 
was made by Kovacs (1956). Based on samples collected from 20 different 
locations in thè country, thè quantity of phytomass was determined as being 
less at thè time of thè first harvest (May, June) than in thè period of thè 
second one (August, September) when thè phytomass is nearly twofold. This 
can be explained by thè ontogenetical development of thè cespitose species. 
The yield of transitional stands towards pastures is higher than of thè Moli¬ 
nietum meadows. The difference in yield between thè calcareous and thè 
siliceous pastures is a minimal one (Table 1). The weight of underground plant 
parts was obtained by thè author from 20x20x40 cm monolith sample data* 
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KovÀcs reports that 70 to 80% of thè root weight is foimd in a depth of 0 to 
10 cm. Root weight distribution at various depth levels is similar to that of 
other meadow and pasture communities. At thè depth level studied, thè 
weight of underground plant parts exceeds only slightly thè weight of thè 
aboveground parts. 

Data on thè yield of an Arrhenatheretum elatioris community, comprised 
of excellent quality grass types as regards grass utilization as feed, in thè 
Sopron and Koszeg Mountains was made available by Jeanplong (1970). 
Yield agrees with thè Arrhenatheretum harvest crop of other regions already 



Fig . 2 . Yield of thè studied communities in g/m 2 


described (MÀthé, 1956). Jeanplong investigated thè meadow types of thè 
Ràba flood plain with a similar purpose. The meadows of thè flood plain are of 
secondary character, with pronounced anthropogenous effects. This is well 
reflected by thè decreased yield of thè Arrhenatheretum elatioris meadow type 
if data on yield are compared with those supplied by MÀthé (1956) and 
Jeanplong (1970). Harvesting on thè meadows of thè flood plain occured in 
June and August: thè first harvest yielded more phytomass than thè second 
one, similarly to those of thè Rorippo-Phalaridetum stands in this area, in 
which a decreased fodder value by thè end of summer could also be established 
(Jeanplong, 1968). 

Juhasz-Nagy (1959), surveying coenologically and ecologically thè 
meadow and pasture communities of thè Bereg Plain estimated bay yield 
with BalÀzs’s method. This method of estimation considers cover percentage 
and average grass height. The author calls attention to thè fact that when 
studying thè yield of various meadow types, it is necessary to consider thè 
subassociation units, because thè facies can produce different phytomass during 
identical periods. 
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Bodrogkozy and HorvÀth (1969, 1971) studied thè production of 
meadows on alkali soil in thè Szeged region. The production was estimated 
by thè aid of thè PROM formula, suggested by Bodrogkozy (see Harmati and 
Bodrogkozy, 1965). Results unfortunately could not be utilized, for reasons 
mentioned in thè introduction. 


Examinations of grasslands within thè framework of thè IBP 

The production of thè main plant associations in thè experimental area 
of thè IBP at Ujszentmargita was studied by thè members of thè Botanical 
Research lnstitute of thè Hungarian Academy of Sciences. Results of thè 
studies are presented in papers by Zolyomi, MÀthé, Précsényi and Szócs 
(1972, 1974). 

Several papers deal with thè production of two alkaline associations 
Artemisio-Festucetum pseudovinae and Peucedano-Galatelletum punctati found 
in thè experimental steppe meadow area (MÀthé, Précsényi and Zólyomi 
1967, Précsényi, 1969a; Zólyomi and Précsényi, 1970). The aboveground 
plant parts of thè Peucedanetum forest steppe meadow are more productive 
than tliose of thè Artemisietum. Based on measurement data of several years, it 
was found tliat thè underground parts of Artemisietum exhibit some weight 
loss wheras thè saine parts of Peucedanetum showed an increase in weight (1967 
-69). 

Turnover time of thè aboveground parts was of thè shortest duration in 
thè case of Peucedanetum , as compared to other associations investigated, and 
thè turnover of underground parts was also quicker than in tliose growing on 
alkali meadows (Précsényi, 1971b). 

Alkali meadows support a less efficient association than forest steppe 
meadows. The calculated efficiency of Artemisietum derived from net pro- 
ductivity and from PAR, is between 0.14 and 0.42%, while thè efficiency of 
thè forest steppe meadow (Peucedanetum) lies between 0.08 and 0.66%. 
Précsényi analysed thè productivity of two associations by considering some 
other characteristics (efficiency, turnover, diversity) as well as their inter- 
relationships (1969a, 1973). He found tliat thè forest steppe meadow represents 
a much less stable plant community against varying environmental conditions 
than thè alkali meadow. 

Variability in production of thè forest steppe meadow is primarily in- 
fluenced by total radiation and relative humidity. In thè case of Artemisietum , 
thè influence of mean temperature, and of other factors not consideri d in thè 
analysis is consideratile (Précsényi, 1971a). Précsényi (1970) also investi¬ 
gated thè relations of energy distribution of Artemisietum. In thè community, 
roots contribute thè largest portion of thè total production. Précsényi infers 
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that in thè initial state of succession a significant part of thè net production is 
transferred to litter and in a later stage to thè roots. The greatest energy loss 
derives from litter. The production of Achilleo-Festucetum pseudovinae (alkali 
pasture, extending over a large field), has also becn investigated. It was possible 
to compare grazed and nongrazed areas. One of thè dominant plants. Festuca 
pseudovina , gave 60 to 80% of thè total annual production. Achillea gave less 
(Mathé and Précsényi, 1970, 1973). Wliile thè phytomass of mosses of thè 
nongrazed area was insignificant, it frequently exceedcd thè weight of Festuca 
on pasture. The production of thè grased area was less, and clianges in weather 
bave affected thè grazed fields to a greater extent than thè nongrazed ones. 
The phytomass of thè underground parts was considerably larger during thè en- 
tire vegetation period than that of thè aboveground parts, their ratio exceeding 
one (Mathé, Précsényi and Zólyomi, 1967; Précsényi, 1969b). The productiv- 
ity of thè aboveground parts on thè nongrazed land is positive while always 
negative on thè grazed area. Turnover occurred in thè shortest period on grazed 
land. Efficiency oftlic nongrazed area is between 0.7 and 1.9%. The productivity 
of thè nongrazed area was hardly effected by thè monthly mean temperature, 
thè monthly total precipitation, relative humidity and total radiation, while 
factors not considered in thè analysis exerted extensive influence (Mathé and 
Précsényi, 1973). 

Mathé measured thè weight and calorie production of thè associations 
Scirpo-Phragmitetum glycerietosum and Agrostis alba-Beckmannia eruciformis , 
and thè ratio between thè under- and aboveground parts. The production of thè 
Glyceria stand is very high (Fig. 2), thè most productive among all associations 
investigated in Hungary. By thè end of thè vegetation period, thè production 
of botli associations increased and thè measured calorie values well demonstrate 
this fact. Increased production is understandable in thè light of phenological 
knowledge of thè association. 

Contiguous phenological observations, witli regard to climatic factors, 
were made by Mathé (1967, 1968) and Mathé, Nagy and Szócs (1974). The 
observations were extended to thephenophase of thè speciesin order toestablish 
thè phenological spectrum. The phytomass of a species or of a plant community 
is influenced by thè particular phenophase. The phenophases of species also 
influence sample variability (Précsényi, 1969a). 

Members of thè Dept. of Plant Taxonomy and Ecology, University of 
Sciences, Budapest carried out similar researches in thè Csévharaszt experimen- 
tal area (Simon, 1971; Simon and K. LÀng, 1972). Tliey unde rtook detailed studies 
of thè associations Brometum tectorum , Festucetum vaginatae and F. ivagneri. 
Aboveground parts of perennial plant growing on sand gave two production 
maxima (June and September). The production maximum of thè underground 
parts preceded that of thè aboveground parts (Aprii, May), and their quantity 
exceeded that of thè aboveground parts during thè vegetation period. The 
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animai productivity mean of Brometum tectorum was negative, of thè other two 
meadow communities positive, as observed during thè sampling period. The 
weight of thè total aboveground phytomass was represented to a considerable 
extent by thè phytomass of moss and lichen synusia: in Festucetum vaginatae 
they occur in greater masses than thè flowering plants. The quantity of lichens 
decreases with thè progressive closing of thè grass cover. In all three associations 
thè phytomass of lichens is at a minimum during thè summer, and this minimum 
derives from thè decrease of their physiological activity (Verseghy and K. 
Lang, 1971). 

It was found tliat thè turnover time increases with thè progressive closing 
of grass cover, and consequently thè plant associations become more stable. 

The efficiency of associations varies per season, in thè fall it reaches 
maximum: Festucetum vaginatae 1.2%, F. wagneri 0.35%. The synusia of 
mosses and lichens are also thè most efficient in thè fall, efficiency being 
between 0.75 and 1.43%. 

Data on thè chlorophyll content, leaf area and thè interrelationships 
between thè two bave been supplied by Simon and Orban (1972), and Orban 
(1972). A dose relationship was demonstrated between thè measured moisture 
of thè soil in thè different depths (between 20 140 cm, and/or 200 cm) and thè 

productivity (K. Lang and Szabó, 1971). In Festucetum vaginatae this relation 
was established unambiguously. By thè closing of thè grass cover of meadows thè 
shading effect of plants changes thè water household of thè soil. On thè variab- 
ility of productivity of perennial grasses, identical weather factors (relative 
atmospheric humidity and total radiation) exert thè greatest effect. In loosely 
cespitose grasslands other factors play a more significant role (K. Lang and 
Szabó, 1973). 

An adequate sampling is necessary for a reliable estimation of plant 
weight (above- and underground parts) and to reduce errors to a minimum 
(Precsenyi, 1967). Investigations in this regard were published only with 
respect to thè alkali Artemisietum at Ùjszentmargita (Precsenyi and Mathé, 
1969). 
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By means of scanning electron microscopy thè surface of thè root of wheat 
and corn was studied. 

Unevenness of thè root surface was revealed. An increase in density of thè 
structural elements in a basipetal direction was observed on thè surface of root hairs 
as well as on that of thè root itself. The root is covered by a mucilaginous celi Wall. 
In addition, thè mucilage is deposited in thè form of locally accumulated granules 
which occur in thè highest amount in thè vicinity of thè root cap and in thè root hair 
zone. The layer of mucilage is not continuous. Some breaks can be observed and, 
particularly in thè zone of celi elongation and differentiation, in thè dense, amorphous 
matrix fibrillar structures appear. During thè development of root hairs from thè 
trichoblasts of thè wheat root, thè outer celi wall is ruptured. It may be supposed that 
at thè same time thè mucilaginous layer, thè cuticle and thè adjoining amorphous 
matrix is also ruptured. In corn a similar phenomenon was not observed. 

The surface of thè root hair is also uneven. The tip of thè root hair is covered 
with a mucilaginous “cap”. The surface of thè basai region of thè root hair appears 
to have a denser structure which is similar to that of thè surface of thè cells of thè 
zones of elongation and differentiation. The results confirm thè perspectives of thè 
application of scanning electron microscopy in biology. 


Introduction 

The primary contact of thè root System with thè surrounding medium 
takes place via thè epidermal cells (or rhizodermis) of thè root. Most research 
workers have come to thè conclusion that thè rhizodermis has a special role in 
thè uptake of water and supply of minerai salts [1, 20, 22]. The main zones 
detected in thè primary structure of thè root, i.e. meristematic cells, elongation 
zone, zone of differentiation or zone of root hairs, respectively, play different 
roles in thè uptake processes. The capacity of thè cells of thè rhizodermis to 
take up various substances from thè environment increases with their growth 
and differentiation [18]. 

The role of thè celi wall in ion uptake is determined by its adsorptive 
capacity. Adsorption is thè primary mechanism leading to thè concentration 
of various substances. The celi wall is a characteristic ion-exchange “reservoir” 
of thè celi [19], and this is especially true for thè outer walls of thè epidermal 
cells. According to thè literature, thè outer wall of thè cells of thè rhizodermis 
and thè wall of thè basai parts of thè root hairs consist of an inner fibrillar and 
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of an outcr amorphous layer [2, 4, 8]. The matrix of thè outer amorphous 
layer contains pcctin, hemicellulose, proteins and randomly oriented cellulose 
microfibrils. The inner fibrillar layer contains cellulose microfibrils oriented 
parallel to thè longitudinal axis of thè celi, “embedded” in lignin, pectic and 
some other unknown substances. The outer amorphous layer is a continuous 
one along thè whole length of thè root hair wall but thè inner, fibrillar layer 
starts only at a certain distance from thè semi-spherical root hair tip [4]. In 
higher plants thè external surface of thè amorphous layer of thè rhizodermis is 
covered by a mucilaginous layer and a thin film of cuticle [8, 21]. 

The structure of thè outer celi wall and that of their external surfaces 
have certainly a great importance in thè initial pliase of uptake processes. 
Therefore, studies on thè structural changes of thè external surface of thè wall 
in thè course of growth and differentiation of thè epidermal cells of thè root 
are of great interest. 

In thè present paper results of studies on thè structure of thè external 
wall surfaces in wheat and corn roots, carried out hy thè aid of scanning 
electron microscopy, will he descrihed. 


Materials and metliods 


Roots of two to three-day old seedlings of wheat (Triticum vulvare Host., cv. Krasno- 
zernaya) and corn (Zea Mays L. cv. Odesskaya 10), respectively, were used in thè experiinents. 
Secds of both species were germinated in thè dark at 25—27°C on moist filter paper in 
Petri dishes. 

The plant material for thè exainination was prepared by a modified freeze-drying 
technique [5, 14]. When thè roots reached a length of 10—15 min and thè root hairs started 
to develop thè unfixed plant material was frozen in dry ice and transferred into special freeze- 
drying vessels. Low temperature in thè outer reservoir of thè vessels was secured hy supplying 
a rnixture of dry ice and aceton. Freeze drying was continued for 2.5 to 3 hours. The samples 
obtained were coated with a thin film of gold in a Hitachi HUS-4 vacuum evaporator. The 
thickness of thè filins was 300—400 A. The samples were then examined in a Hitachi IISM-2A 
scanning electron microscope at 25 kV. 


Results and discussion 

Scanning electron microscopy has been used to study thè surface of root 
as well as leaf epidermis [12], thè process of deposition of Si0 2 in thè outer- 
most cells of thè stem of cereals [3, 15], thè mcchanism of infection of root 
cells by root nodule bacteria [7]. Celi surfaces in thè interior of plant organs 
have also been investigated by thè use of scanning electron microscopy, e.g. 
thè microstructure of conducting vessels, tracheids, fibers and other special- 
ized celi types [16]. In addition, thè dispersal of herbicides has also been 
studied in thè scanning electron microscope by using cathodoluminescence 
as a detection method [17]. 
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The raethod has a nitmber of distinct advantages. Thus, fixation of thè 
material to he investigated and thè preparation of ultrathin sections are not 
necessary for studies with thè scanning electron microscope. This reduces thè 
chance of artifact formation. The freeze-dried material can be regarded as 
beeing closcr to thè living state, as to its structure, than thè fixed one. Freeze- 
drying is a rapid process and thè Chemical composition of thè tissue remains 
essentially unaltered during freeze-drying. This is also true for thè fine structure 
of thè cells, except for some smaller changes due to thè formation of ice 
crystals. 

A method has been offered by Falk, Cutter and Gifford [9] to ex- 
amine unfixed plant material without any pretreatment. They have investig¬ 
ated thè effect of various fixation methods on thè plant material to be studied 
by scanning electron microscopy [10]. It has been found that thè best results 
can be obtained by studying unfixed material, since this gives results which 
reflect more truly thè naturai conditions. In addition, scanning electron micros¬ 
copy (in contrast to transmission electron microscopy, phase contrast micros¬ 
copy and microscopy in thè dark field) makes it possible to investigate thè 
outer surface of thè objects as well. 

Scanning electron microscopy opens wide perspectives in thè investiga¬ 
timi of root epidermal cells as to thè changes occuring on their external surface 
in relation to thè uptake of water and minerai nutrients. In spite of thè 
obvious advantage of thè method, thè literature is very limited in this 
field. 

A paper by Dart [7] is devoted to this problem. However, in this work 
prefixation and infiltration of thè plant material with metacrylat has been 
applied. Polymerization of thè metacrylat certainly leads to lateration in thè 
root surface, a problem stressed by thè author himself. But even this technique 
all owed thè detection of unevenness on thè root surface. 

In thè present paper results of studies on thè surface of wheat and corn 
roots, carried out on freeze-dried, unfixed material coated with a tliin film of 
gold is described. 

A generai observation of thè external surface of thè rhizodermis shows 
a considerable increase in density of its constituent elements towards thè base 
of thè root, from thè meristematic zone to thè zone of elongation and froin 
that to thè zone of root liair formation. 

It may be seen in thè electron micrograph of Fig. 1 that thè surface of 
thè root cap is uneven. There is an extensive network of wrinkles between thè 
longitudinal celi arrays. The surface of thè tip of thè root cap appears relatively 
even, but under higher magnification an irregular accumulation of sinall 
blocks of amorphous material can be seen (Fig. 2). The released individuai 
cells are dispersed in a disorderly fashion (Fig. 1). The surface of most cells of 
thè root cap in quite smooth with merely some small wrinkles (Fig. 3). 
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Fig. 1. Root cap. Zea mays L. Magnification X 70 



Fig. 2. Surface of thè tip of thè root cap. Triticum vulgare Host. Magnification X 2266 
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The longitudinal arrays of thè celle of rhizodermis are clear-cut all along 
thè wheat and corn roots. The rows become gradually narrower towards thè 
root tip. One can often see thè outlines of individuai cclls (Figs. 7). 

In thè meristematic zone, hoth in wheat and corn, a branching network 
of thin fibrils is to be seen over a smooth surface. Gradually, an amorphous 
material is deposited in thè space between thè fibrils (Figs. 4 6). 

The electron micrographs probably show different stages of thè formation 
of mucilaginous celi walls. Locai accumulation of sniall globules of mucilage 
can also be seen. The globules are formed from friable, amorphous material. 
These are found most frecjuently in thè zone adjoining thè root cap. The fiat 
surface, without mucilaginous accumulations, is probably thè surface of 
cuticle. 

The presence of mucilage and a thin film of cuticle covering thè outer 
layer of thè peripheral root cells and that of thè root hairs has been described 
for a number of liigher plants [8, 21]. The cuticle of thè root consists of lipids 
and can be easily stained with dimethylaminobenzene [8]. Scott et al. [21] 
described thè thickening of thè cuticle film during thè growth of thè meristem¬ 
atic cells. The cuticle of thè root is similar to thè cuticle of thè overground 
plant organs in both its Chemical nature and its morphology, but thè two 
kinds of cuticles are certainly not identical. At present, even thè existence of a 
cuticle on thè surface of rhizodermis is not generally accepted. 

The surface of thè outer wall of thè rhizodermis cells in thè elongation 
zone, both in wheat and corn, is rather fiat and smooth. Mucilaginous material 
accumulates at some places on thè celi surface. The root surface is not complet- 
ely even. The unevenness is due to wrinkles and hollows in thè junctions of thè 
longitudinal celi rays. At higher magnification, outlines of longitudinally 
oriented fibrils are revealed in a dense matrix on thè external surface of this 
root zone (Fig. 8). 

In thè zone of celi differentiation (zone of root hairs) thè surface of thè 
outer epidermal celi walls has a structure similar to that of thè celi walls of thè 
celi elongation zone. The surface is fiat, dense, and slightly fibrillar. Extensive 
locai accumulation of mucilage can be observed (Figs 9, 11, 12). Thus, on thè 
surface of thè celi walls, both in thè elongation zone and thè zone of different¬ 
iation, fibrils inay be seen in thè dense, amorphous matrix. These fibrils are 
similar to thè cellulose microfihrils of thè outer amorphous layer of thè celi 
walls. The presence of two layers, that of an inner fibrillar one with dense, 
parallel, cellulose microfihrils and that of an amorphous layer with more 
randomly oriented microfihrils, could be distinguished by means of trans- 
mission electron microscopy [4, 8]. These data are in line with thè “multi-net” 
growth pattern of thè celi wall as proposed by Houwink and Roelofsen [13]. 

A characteristic peculiarity of thè zone of celi differentiation is thè 
formation by thè rhizodermis cells (trichoblasts) of root hairs. The appearance 
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Fig. 3 . Structure of thè surface of thè various cells of thè root cap. Triticum vulgare Host. 

Magnification X 2340 



Fig. 4. Surface of thè outer celi walls of thè ineristematic zone. Triticum vulgare Host. Mag¬ 
nification X4220 
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Fig. 5. Surface of thè outer celi wzlls of thè meristemic zone. Appearance of amorphous 
inateri.l between thè mucilaginous deposits. (am amorphous material; mi mucilaginous 
deposit). Triticum vulgare Hmt. Magnification X4220 



Fig . 6. Structure of thè accumulated mucilage on thè surface of thè root in thè meristematic 
zone. Triticum vulgare Host. Magnification X4220 
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Fig. 7. Surface of thè outer celi walls of thè meristernic zone of thè root. Appearance of thè 
profiles of thè individuai meristematic cells. Zea mays L. Magnification X2100 



Fig. 8. Surface of thè outer celi wall of thè external cells of thè elongation zone of thè root. 
In thè structure of thè surface, strands of microfibrils are visible and accumulation of mucilage. 
Triticum vulgare Host. Magnification X7020 
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of locai swelling 011 thè root surface in thè first stage of root hair development 
can be followed by scanning electron microscopy (Fig. 9). In wheat, as a con- 
sequence of root hair development, thè outer layer of thè trichoblast celi wall 
breaks [7, 8]. Tliem, tliis ruptured layer of thè outer trichoblast wall is folded 
back, as a rule, to one side of tlie break. During thè subsequent steps of root 
hair development thè ruptured and lifted part of thè outer layer of thè celi wall 
apparently dies and it is released from thè celi surface. At thè base of thè fully 
developed root liairs it can be seen any more (Fig. 12). The break of thè 
outer layer of thè celi wall takes place only after thè break of thè inner 
fibrillar layer. The breaks in thè inner, fibrillar layer are visible by trans- 
mission electron microscopy, as reported in thè earlier literature. In line with 
these data, thè inner fibrillar layer is absent almost along thè wliole root hair 
and it may be observed only in its basai region. The break of thè outer layer of 
thè celi wall is associated with thè break of thè layer of mucilage, that of thè 
cuticle, and of thè adjoining pectin matrix with its more or less randomly 
oriented cellulose microfibrils. 

In corn, in thè course of root hair formation, a break of thè outer layer 
of thè outer celi walls is not observed. However, tliis does not mean that such 
a phenomenon does not occur at all. (Sometime it is absent also in thè wheat 
rhizodermal cells.) Perhaps in these cases thè ruptured outer amorphous layer 
of thè trichoblast celi wall is closely associated with thè wall of thè growing 
root hair. However, thè possibility of different mechanisms of root hair 
formation in different plants can not be excluded at present. 

The surface of thè root hair is uneven throughout its whole length. The 
surface of thè root tip is friable. Hollows, mucilaginous protrusions and 
globules can be seen in this region (Fig. 13). It is suggested that thè material 
depositcd on thè root hair surface is secreted through similar hollows [7]. An 
intensive secretion of mucilaginous globules on thè surface of root hairs has 
been revealed also by time-lapse cine-photo-micrography [11]. The mucilagin¬ 
ous layer covering thè root tips often forms characteristic “caps” (Fig. 13). In 
such cases, both with wheat and corn, thè basai part of thè root hair is thinner 
than thè tip (Fig. 14). The surface of thè root hairs dose to their basai regions 
seems denser and has a structure which is similar to that of thè external 
surface of thè corrcsponding root zone. 

In conclusion, it seems necessary to stress thè absence of any major 
difference in thè structure of thè external surface of thè outer celi walls of 
wheat and corn. However, by means of scanning electron microscopy, it proved 
possible to reveal differences in thè structure of tlie external celi surface of thè 
root and demonstrate a gradient associated with “maturity”, i.e. to show an 
increase in density of thè structural elements of thè external surface of thè 
root hair and that of thè root itself towards their basai regions. 
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Fig. 9. The early phase of root hair development. Zea mays L. Magnification X7020 



Fig. 10. Breaks in thè outer layer of thè external celi walls during thè formation of root 
hairs. Triticum vulgare Host. Magnification X 2340 
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Fig. 11. Parts of thè ruptured, outer wall are lifted during root hair development and folded 
back to one side of thè rupture. On thè inner surface of thè wall, folded back, fibrillar structure 
may be seen. Triticum vulgare Host. Magnification X 1400 



Fig. 12. Development of thè root hair. The ruptured layer surrounding thè outer celi walls can 
not be seen at thè basai part of thè root hair. Triticum vulgare Host. Magnification X 1400 
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Fig. 13. Surface of thè tip of thè root hair. The mucilaginous “cap” of thè root hairs. Triti- 
curri vulgare Host. Magnification X 950 



Fig. 14. Surface of thè basai part of thè root hair. Triticum vulgare Host. Magnification 

X 1750 
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Sampling has been carried out in thè following xerothermous associations: 
Brometum tectorum , Festucetum vaginatae , Festucetum wagneri , Astragalo- Festucetum 
sulcatae , Junipero-Populetum , Festuco-Quercetum , Convallario-Quercetum. The soil 
samples (about 200) were taken from thè moss cushions. The pH-values (in H,0) 
and thè humus, CaC0 3 , NH 3 , NO - ^, NO^, P 2 0 5 and K 2 0 contents were determined 
by prompt analytical (so-called half-micro-) methods. The animai mean value of pre- 
cipitation on thè sample area is 500—550 mm, thè average annual temperature reaches 
10—11°C. The bedrock is built up by calcareous sand. The cushions of terricolous 
mosses play an important role in thè productive layer of these sandy ecosystems, 
a fact evinced also by their quantity. Yalues of thè investigated soil characteristics 
and of thè generai cenologicoecological behaviour of each studied species are submit- 
ted, followed by an analysis of thè bryoecological groups of species and of thè studied 
soil characteristics. The pH-values of xerophytous species are related to neutral and 
basic intervals, those of xero-mesophytous species to neutral, and those of meso- 
phytous species to neutral and acidic, intervals. 

The humus values of xerophytous species are lower, those of mesophytous ones 
higher. The values of NH 3 increases along thè gradients from thè xerophytous species 
to thè mesophytous ones. Similar conditions appear in thè case of NÒ7 and NO^. 
Regarding thè groups of species, thè distribution of phosphorus and potassium does not 
show any regularities. Reference to thè seasonal character of some of thè character¬ 
istics is also given. 


Introduction 

During olir production biological investigations (Simon, 1971; K. LÀng 
Szabó, 1971, etc.), carried out in thè IBP model area at Csévharaszt, data were 
obtained on thè moss-lichen synusia of grassy plant associations (Fig. 1). 
These data indicated thè importance of cryptogamous vegetation and its great 
part in thè productive layer of sandy ecosystems. Previous (Borbas, 1886; 
Gyórffy, 1943; Soó, 1956; Boros, 1968; Simon—K. Lang, 1972) qualitative or 
phytogeographical and phytocenological data as well as ecological observations 
also referred to their frequency and their considerable cover in some places. 
Gyòrffy’s study, containing a great number of ecological observations on 
Bugac, is of particular value (1943). In this study, thè author elucidates thè 
sand-binding role of thè association with Tortula ruralis. 
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The necessity of studying thè soil indicating role of sandy moss cushions 
now became obvious. The investigation of their relations to given soil cliaracter- 
istics and site factors and of their behaviour, respectively, led in several cases 
(e.g. Apinis—Lacis, 1934 5; Waldheim, 1947; Birse — Gimingham, 1955; 

Birse—Landsberg—Gimingham, 1957;Willis, 1964; Simon, 1970;Tarkhova, 
1970; Strasser, 1971; Pfadenhauer, 1971; Kuehner, 1971) to valuahle ob- 
servations hoth in theoretical and practical respects. 
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Fig. 1. Changes in thè phytomass of sandy grassland communities during thè vegetation 
period (1968). A = Brometum tectorum , B = Festucetum vaginatae danubiale 


Sample area and method 

Sample area and phytocenoses. The investigation took place in thè 
Nature Conservation Area at Csévharaszt and in its environment, an area 
lying in thè plains between thè Danube and thè Tisza, SE of Budapest, at a 
distance of about 50 km from thè capitai. There occurs here a forest-steppe 
vegetation on thè sand dunes and swampy, swampy-meadow, resp. meadow 
vegetations, further relict stands of willow bogs between thè dune series, in thè 
filled up former river-beds of thè Danube. The former — higher riverside is 
lined witli Convallario-Quercetum stands and thè relicts of swampy oak forests. 
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The annual mean of precipitation amounts to 500 550 mm in thè area, thè 

annual average temperature is 10 11°C. The bedrock is built up of calcareous 

sand poor in nutrients, thè average pH-value reaches 7.5 8. Sampling of thè 

moss cushions took place in thè forest-steppe community of thè area with sand 
dunes. These may he considered as thè relatively stable steps of thè xeroseries 
of sandy succession (Fig. 2). Their stability is particularly due to edaphic 
(drop of thè water table) and partly to climatic (sometimes strong Continental 
effects) and biotic (burning, grazing) factors. 


MESO- 

TOP 


XERO- 

TOP 




Querco - Ulmetum ) 


Astragalo - Festucetum 

sulcatae i 4 

Festucetum wagneri / 

Festucetum vaginatae 
juniperetosum 


Convallaria -Quercetum 

/ 

Festuco - Quercetum 

' / : 

/ t 

Junipero -Populetum 



Festucetum vaginatae 
stipetosum 


Festucetum vaginatae 

Brometum tectorum 
secaletosum 


SOIL DEVELOPMENT 


Fig. 2. Succession of thè xeroseries of naturai plant communities in thè Nature Conserva- 
tion Area at Csévharaszt. The dotted lines denote degradation. Querco-Ulmetum does not 
exist today, its former stands developed — owing to a drop of thè watertable — into Con¬ 
ti aliar io-Quercetum 


Grass land communities: Brometum tectorum secaletosum grows on xero- 
thermous, open sites, thè type itself is rathcr secondary (clearing of robinia 
forests). Mosses occuring frequently are Brachythecium albicans , Bryum argen - 
teum , Ceradoton purpureus , Tortula ruralis. Festucetum vaginatae danubiale : 
perennial, open grassland community of dry and warm sites. Its typical 
mosses are (beside thè former ones): Tortula ruralis , Tortella inclinata , Homalo- 
thecium lutescens , Abietinella abietina , Hypnum cupressiforme (preponderantly 
in northerly exposure in masses), Encalypta contorta , Pleurozium schreberi , 
Polytrichum juniperum , Pseudoscleropodium purum on shaded sites or in 
northerly exposure). Festucetum wagneri , a rather closed grass land com¬ 
munity of dry-warm sites — standing cenologically in a dose relationship to 
thè former one — shows thè following characteristic mosses: Homalothecium 
lutescens , Brachythecium albicans , Hypnum cupressiforme , Abietinella abietina , 
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etc. Astragalo-Festucetum sulcatae generally develops on sunlight sites, in 
larger clearings and in thè marginai parts of forests. It is a completely closed 
perennial grassland community. Typical mosses: Abietinella abietina , Hypnum 
cupressiforme , Homalothecium lutescens , Tortula ruralis etc. Junipero-Populetum 
has closed stands occuring sporadically in larger or smaller areas and showing 
moss carpets of a tliick acidic medium. It is a site of acidofrequent elements 
(e.g. Rumex acetosella) and of mosses (e.g. Dicranum scoparium , Encalypta 
contorta , Hylocomium splendens (third datum in thè Danuhe Tisza Plains 
(cf. Boros 1968)). Pleurozium schreberi , Polytrichum juniperinum , Pseudo- 
scleropodium purum, Thuidium delicatulum. Besides these mosses, also Hypnum 
cupressiforme is ahundant and Ceratodon purpureus , Tortula ruralis , etc. 
frequent. Festuco-Quercetum is a relatively open sandy oak forest community 
with xerothermous elements. Its characteristic mosses are: Atrichum undula- 
tum , Dicranum scoparium , Mnium cuspidatum , Hypnum cupressiforme at thè 
foot of trees (in masses), Brachythecium velutinum , Bryum capillare. Conval¬ 
lar io-Quercetum is a more closed high forest community, its mosses are partly 
identical with those of thè former association, its rare species is Rhodobryum 
roseum , and in its stands mixed with pines (Pinus nigra, P. silvestris) a 
particularly rich moss carpet appears. 

Method. Nearly 200 soil samples of thè investigated moss species (19) 
taken from thè soil of moss cushions in June and July 1970 have been 
analysed with quick methods (pH-value from diluted solution, humus content, 
ammonia, nitrite, nitrate, phosphorus, lime (CaC0 3 ) contents). Each sample 
had a volume of about 2.5 cml The determination of thè pH-value was made 
by means of a “Radelkisz” electric pH-measuring instrument, type OP 201/1, 
with a hydrogen electrode. The determination of thè humus content was 
carried out by thè TjURiN-colorimetrical method modified by Székely (1964). 
The values were estimated together with those of pH and carbonate 
according to Stefanovits (1956). Humus: below 1 percent = humus poor; 
1.1 2 percent = humiferous; 2.1 6 percent = humus rich; pH: below 5.5 = 

acidic; 5.5 6.6. = slightly acidic; 6.6 7.4 = neutral; 7.4 8.5 = mildly 

basic; CaC0 3 : between 0 2 percent = poor in lime; 2 5 percent = slightly 

calcareous; 5 20 per cent = calcareous. 

The quantity of N-compounds and minerai suhstances has been estimated 
colorimetrically (by means of thè Szelényi-colour scales) from an extract ob- 
tained hy sodium acetic acid. Ammonia nitrogen has been investigated hy 
shaking 1 percent borax solution with Seignettesalt solution and hy treating 
it with Nessler reagent, while nitrite-nitrogen has been treated with nitrite I- 
and nitrite II-reagents, nitrate-nitrogen has been examined by mixing 10 
percent sulphuric acid and 1 percent carbamid solution and by treating it with 
concentrated sulphuric acid and chloroformic brucine doses. Conclusions have 
been drawn also on thè basis of colouring on thè quantity of P 2 0 5 hy 
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application of ammonium molybdate and stannous chloride solution. The de- 
termination of K 2 0 has been carried out with Székely’s turbidi-colorimetrical 
method. The value of CaC0 3 was obtained - on thè basis of thè loss of weight 
— from 10 g soil treated with 10 percent hydrochloric acid (mrs. Satory in 
Székely, 1956). 

The values obtained during thè investigations and noted in thè tables 
are percent value concerning humus and carbonate; thè data on ammonia, 
nitrite and nitrate are mg values relating to 100 mi soil, thè data on phosphorus 
and potassium are mg values relating to 100 g soil (see in detail: SzÉKELY, 
1956). 

The statistical evaluation of thè data (mean value = X, standard 
deviatimi of data = s, standard error of mean value = s^) and thè test of 
significance have been done by thè help of thè usuai procedures (SvÀB, 1973). 

To interpret thè results in a more comprehensive way, thè investigated 
species were grouped (according to Boros, 1968) — by taking into account 
their water demand — into thè following ecological groups: 


Xerophytous species: 
Abietinella abietina 
Brachythecium albicans 
Bryum argenteum 
Ceratodon purpureus 
Encalypta contorta 
Homalothecium lutescens 
Tortella inclinata 
Tortula ruralis 
Xeromesophytic species: 
Dicranum scoparium 
Hypnum cupressiformae 
Polytrichum juniperinum 


Mesophytous species: 
Atrichum undulatum 
Brachythecium velutinum 
Bryum capillare 
Mniurn cuspidatum 
Pleurozium schreberi 
Polytrichum attenuatum 
Pseudoscleropodium purum 
Helohygrophytic species: 
Amblystegium riparium 


Results 

The characterizations are given on thè basis of pH, humus, carbonate, am¬ 
monia, etc. values measured in thè soil samples taken from thè moss cusliions 
(Tables 1, 2, 3). Taking thè total into consideration, it may be stated that thè 
studied organic or unorganic compounds are represented in thè samples in 
an absolute sense — by small or moderate (P 2 0 5 , CaC0 3 ) quantities. In thè 
case of humus and carbonate (and of pH) thè values are expressed according 
to thè Stefanovits’ scale (see subsection: “Method”). In all other cases 
(unorganic N-compounds, P 2 0 5 , K 2 0) thè given level low, moderate, high) is 
relative, for it is defined in relation to thè data of other species investigated. 
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Table 1 


The mean values and standard errors of some chemical properties 
in thè moss cushion's soil 



N 

pH 

Humus 

CaC0 3 

k 2 o 

Mosses 


Mean 

Standard 
error of 
mean 

Mean 

Standard 
error of 

mean 

Mean 

Stand¬ 

ard 

eiror of 

mean 

Mean 

Stand¬ 

ard 

error of 

mean 



X 

± 

X 

± 

X 

± 

X 

± 

Xerophyta 




1 

| 






Abietinella abietina 

10 

7.2 

0.04 

0.67 

0.15 

6.2 

0.33 

2.9 

0.52 

Brachythecium albicans 

6 

7.4 

0.35 

0.59 

1.17 

6.0 

0.30 

3.6 

0.34 

Bryum argenteum 

5 

7.7 

0.16 

0.10 

0.06 

7.7 

0.35 

2.0 

0.70 

Ceratodon purpureus 

25 

6.2 

0.08 

0.25 

0.04 

3.8 

0.34 

3.9 

0.19 

Encalypta contorta 

10 

7.7 

0.14 

0.52 

0.08 

7.5 

0.36 

4.2 

0.46 

Homalothecium lutescens 

4 

8.1 

0.08 

0.61 

0.08 

7.6 

0.43 

3.5 

0.32 

Tortella inclinata 

20 

7.4 

0.10 

0.23 

0.14 

5.5 

0.24 

4.5 

0.51 

Tortula ruralis 

20 

7.3 

0.12 

0.30 

0.07 

5.5 

0.38 

4.7 

0.64 

Xero-mesophyta 










Dicranum scoparium 

15 

5.8 

0.20 

0.81 

0.14 

3.7 

0.29 

3.4 

0.53 

Hypnum cupressiforme 

10 

7.4 

0.04 

0.95 

0.40 

7.2 

0.34 

6.3 

0.72 

Polytrichum juniperinum 

8 

6.8 

0.16 

0.40 

0.07 

5.9 

0.23 

3.5 

0.40 

Mesophyia 










Atrichum undulatum 

4 

5.4 

0.38 

1.43 

0.38 

2.7 

0.40 

9.0 

0.17 

Brachythecium velutinum 

8 

7.5 

0.18 

2.12 

0.20 

7.6 

0.21 

3.7 

0.65 

Bryum capillare 

6 

7.1 

0.34 

1.41 

0.16 

6.3 

0.41 

2.0 

0.36 

Mnium cuspidatum 

10 

6.7 

0.19 

2.22 

0.21 

4.5 

0.27 

2.9 

0.24 

Pleurozium schreberi 

6 

5.3 

0.15 

0.66 

0.10 

3.8 

0.20 

3.8 

0.65 

Polytrichum formosum 

2 

5.0 

— 

1.00 

— 

2.6 

— 

3.7 

— 

Pseudoscleropodium purum 

6 

6.9 

0.06 

2.96 

0.57 

4.1 

0.56 

3.8 

0.71 

Helo-hygrophyton 

Amblystegium riparium 

4 

7.3 

0.29 

1.85 

0.24 

5.7 

0.29 

3.2 

0.45 


1. Micro-sites of thè investigateti species 

Abietinella abietina. It occurs in each community of thè dry sandy suc- 
cession series; Astragalo-Festucetum sulcatae and thè marginai parts of thè 
stands Junipero-Populetum and Festuco-Quercetum may he regarded as opti¬ 
mum. It is humus-forming. The soil is neutral to mildly basic, calcareous 
humus poor humiferous. It does not occur in open grasses without humus. It 
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Table 2 


The mean values and standard errors of thè measured data of N and P compounds 

in thè moss cushion s soil 



N 

nh 3 

no 2 

no 3 

p,o 5 

Mosses 


Mean 

Standard 
error of 

mean 

Mean 

Standaid 
error of 

mean 

Mean 1 

Stand¬ 

ard 

error of 
mean 

Mean 

Stand¬ 

ard 

error of 

mean 



IL 

± 

X 

± 1 

"x 

± 

X 


Xerophyta 










Abietinella abietina 

10 

0.17 

0.090 

0.011 

0.003 

1.3 

0.03 

2.05 

0.27 

Brachythecium albicans 

6 

0.06 

0.020 

0.008 

0.003 

1.6 

0.32 

1.91 

0.15 

Bryum argenteum 

5 

0.04 

0.022 

0.005 

0.004 

0.8 

0.28 

3.80 

0.11 

Ceratodon purpureus 

25 

0.07 

0.016 

0.008 

0.000 

1.3 

0.02 

2.20 

0.14 

Encalypta contorta 

10 

0.07 

0.017 

0.007 

0.003 

1.8 

0.03 

3.20 

0.30 

Homalothecium lutesceus 

4 

0.06 

0.037 

0.007 

0.004 

1.5 

0.41 

2.33 

0.21 

Tortella inclinata 

20 

0.06 

0.020 

0.004 

0.000 

0.8 

0.24 

2.20 

0.20 

Tortula ruralis 

20 

0.05 

0.014 

0.005 

0.001 

0.9 

0.04 

2.51 

0.27 

Xero-mesophyta 

Dicranum scoparium 

15 

0.22 

0.050 

0.008 

0.001 

1.3 

0.04 

1.48 

0.21 

Hypnum cupressiforme 

10 

0.15 

0.028 

0.010 

0.001 

1.9 

0.21 

2.80 

0.22 

Polytrichum juniperinum 

8 

0.09 

0.015 

0.008 

0.003 

1.6 

0.31 

1.93 

0.25 

Mesophyta 










Atrichum undulatum 

4 

0.27 

0.170 

0.009 

0.000 

3.1 

0.01 

1.75 

0.25 

Brachythecium velutinum 

8 

0.28 

0.019 

0.016 

0.001 

2.7 

0.30 

2.50 

0.13 

Bryum capillare 

6 

0.30 

0.064 

0.021 

0.010 

1.6 

0.13 

2.91 

0.34 

Mnium cusuidatum 

10 

0.27 

0.190 

0.021 

0.006 

2.3 

0.22 

2.95 

0.17 

Pleurozium schreberi 

6 

0.12 

0.029 

0.009 

0.010 

1.6 

0.22 

0.91 

0.04 

Polytrichum formosum 

2 

0.22 

— 

0.010 


0.5 

— 

2.25 

— 

Pseudoscleropodium purum 

6 

0.27 

0.083 

0.021 

0.010 

2.3 

0.04 

2.95 

0.29 

Helo-hygrophyton 

Amblystegium riparium 

4 

0.25 

! 0.116 

0.017 

0.001 

2.3 

0.46 

2.12 

0.23 


shows a nitrate content of moderate level, thè intervals of ammonia 
and nitrate are great; in thè samples of thè open grasses N is often mis- 
sing. The values of phosphorus and potassium are higher than aver- 
age. 

Brachythecium albicans. Typical species of thè open grasses; it reaches 
its optimum also in thè marginai parts of Festucetum vaginatae and Junipero - 
Populetum ; it is humus-forming. The soil is neutral to mildly basic, calcareous. 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 





















Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 


Table 3 

The extreme values of soil's chemical properties in thè moss cushions 


ro 

4 ^ 


Specie» 

P H 

Humus 

nh 3 

no 2 - 

NOìt 

p 2 o s 

K,0 

CaC0 3 

N 

Abietinella abietina 

6.5—7.8 

0—1.25 

0-0.75 

0—0.025 

0—2.5 

1.0—3.0 

1—3 

5.0—7.9 

10 

Brachythecium albicans 

7—7.7 

0.25—1.25 

0—0.15 

0—0.025 

0.5—2.5 

1.5—2.5 

3—5 

4.5—6.9 

6 

Bryum argenteum 

7.3—8.3 

0—0.25 

0—0.10 

0—0.012 

0—1.5 

3.5—4.0 

1—5 

7.0—9.1 

5 

Ceratodon purpureus 

5.5—7.1 

0—0.75 

0—0.25 

0—0.050 

0—3.0 

1.5—4.0 

1—5 

2.1—6.5 

25 

Encalypta contorta 

7.2—8.4 

0.25—1.00 

0—0.15 

0—0.017 

0—2.5 

1.5—4.5 

2—7 

5.8-8.9 

10 

Homalothecium lutescens 

7.9—8.4 

0.25—1.00 

0—0.15 

0—0.015 

0.5—2.5 

1.5—3.0 

2—5 

6.5—9.1 

4 

Tortella inclinata 

6.8—8.1 

0—0.75 

0—0.20 

0—0.015 

0—3.0 

1.5—4.0 

2—8 

4.0—9.7 

20 

Tortula ruralis 

6.4—8.2 

0 — 1.00 

0—0.25 

0—0.020 

0—2.5 

0.5—3.5 

1—8 

2.0—8.8 

20 

Dicranum scoparium 

4.5—6.8 

0-1.75 

0—0.75 

0—0.050 

0—2.5 

0.5—3.0 

1—7 

0.9—5.0 

15 

Hypnum cupressiforme 

6.2—7.4 

0.25—1.75 

0—0.25 

0—0.020 

1.0—2.5 

2.0—5.0 

2—8 

4.8—8.8 

10 

Polytrichum juniperinum 

6.1—7.0 

0.25—0.75 

0—0.20 

0—0.015 

0.5—2.5 

1.0—3.0 

2—5 

5.0—6.7 

8 

Atrichum undulatum 

5.2—5.8 

1.25—1.75 

0—0.75 

0—0.012 

0—5.0 

1.0—2.5 

6—7 

1.1—3.1 

4 

Brachythecium velutinum 

6.9-8.2 

1.00—3.00 

0.20—0.40 

0.010—0.025 

1.0—4.0 

2.0—3.0 

2—7 

7.0—8.9 

8 

Bryum capillare 

6.9—7.5 

0.75—2.00 

0.10—0.50 

0.010—0.030 

1.0—3.0 

1.5—4.0 

1—3 

5.0—7.5 

6 

Mnium cuspidatum 

5.8—7.2 

1.25—3.25 

0—0.75 

0—0.075 

1.5—3.5 

1.5—5.0 

3—5 

2.1—6.8 

10 

Pleurozium schreberi 

4.7—5.8 

0.25—1.00 

0—0.20 

0—0.015 

1.0—2.5 

0.5—1.5 

3—4 

2.4—3.9 

6 

Polytrichum formosum 

5.0—5.1 

0.75—1.25 

0.20—0.25 

0.005—0.015 

0.4—0.5 

0.5—2.0 

3—4 

2.5—2.8 

2 

Pseudoscleropodium purum 

6.3—7.6 

2.50—3.75 

0.15—0.30 

0.015—0.025 

0.5—3.5 

1.0—2.5 

2—7 

3.2—6.0 

6 

Amblystegium riparium 

6.8—7.8 

1.50—2.50 

0.10—0.50 

0.012—0.020 

1.5—3.0 

1.5—2.5 

2—4 

5.2—6.5 

4 
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Ammonia and nitrite show a moderate level, while that of nitrate is ratlier 
high; phosphorus and potassium show a similar level. 

Bryurn argenteum. It is a pioneer species in dry, warm and sunlit grasses 
on unbound sand, a pioneer mostly in disturbed Festucetum vaginatae. Its soil 
is humus poor, mildly basic, calcareous. Ammonia is significant, thè average 
level of nitrite and nitrate is higher than moderate, thè level of phosphorus is 
high, that of K varying. 

Ceratodon purpureus. It is common in grasses and in Junipero-Populetum ; 
it occurs most frequently in open grasses. The soil is humus-free or humus poor, 
from slightly acidic to mildly basic, from slightly calcareous to calcareous. 
The interval of N-compounds extends from zero to relatively high values, 
phosphorus and potassium vary, tlicir average value is high. On very dry sites 
it develops hard (also when wet) dark green carpets of a thickness of 4 5 cm, 

being gencrally infertile. On fresh sites it reaches 1 2.5 cm, showing (also 

when wet) a yellowish-green colour; its cushion is looser and brings sporogonia 
in great quantities. It is an important sand-binder. 

Encalypta contorta. A moss of shaded Festucetum vaginatae and Junipero- 
Populetum stands. Its soil is mildly basic, calcareous humus poor, but always 
containing some humus. The level of ammonia and nitrite is moderate, that 
of nitrate high. Phosphorus and potassium show a high level. The species is 
not frequent. It does not bring sporogonia. 

Homalothecium lutescens. Relatively rare in thè arca; it occurs in open 
and in closed grasses. Its soil is mildly basic, calcareous and humus poor. The 
level of ammonia is low, that of nitrite and nitrate moderate. The average level 
of phosphorus and potassium is relatively high. 

Tortella inclinata. It is one of thè most frequent species of open grasses, 
developing large cusliions. It often fills in spaces between clumps of grass, tlius 
initiating coverage. It occurs also in Junipero-Populetum and Astragalo- 
Fesctucetum. It grows in great masses on protected sites, where also sporogonia 
are frequent (e.g. Festucetum vaginatae salicetosum rosmarinifoliae). Its soil is 
neutral to midly basic, calcareous, humus-free or humus poor (of thè humic 
acids a slight overweight of fulvic acids is characteristic: Simon K. Lang 
1968). The average level of ammonia is low, as also that of both nitrite and 
nitrate, they are even completcly missing from thè major part of thè samples. 
The average level of phosphorus and potassium is relatively high. 

Tortula ruralis. A pioneer species of thè open grasses covering thè largest 
area and often developing independent extensive stands. A binder of 
blown or disturbed sand; its shallow, loose grasses appear also on N-free soil. 
Its soil is slightly acidic to mildly basic, from mildly calcareous to calcareous, 
humus-free or poor in humus. The average level of ammonia is low, that of 
nitrite and nitrate moderate. Phosphorus and potassium are always traceable, 
their average level is relatively high, thè values of thè latter vary considerably. 
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Dicranum scoparium. This typical species of our calcifuge montane and 
hilly forests occurs surprisingly often in calcareous sandy steppes, growing 
particularly it occurs also in Festucetum vaginatae — mostly on thè top of or 
between thè dunes where thè occurence of shrubs refer to thè former exist- 
ence of forest soil. Several sites are to be found in Festuco-Quercetum (e.g. 
together with Polygonatum odoratum) or in cultivated pine stands (Pinetum 
nigrae et silvestris cultum), owing to similar reasons (forest soil pine-needle 
litter). The species reaches its optimum in Junipero-Populetum and Pinetum 
cultum, respectively, developing here 7 9 cm thick carpets. Its soil is acidic 

to slightly acidic, lime-free or slightly calcareous humus poor or humiferous. 
The average level of ammonia is relatively high, that of nitrite and nitrate 
moderate. The average level of phosphorus is moderate, that of potassium 
high, but thè values of thè latter vary considerably. 

Hypnum cupressiforme. It occurs to a lesser or greater extent on thè soil 
of each investigated community, yet it shows its optimum in Junipero-Popule¬ 
tum. Here it forms contiguous and thick cushions. It prefers half-shaded sites. 
On its optimal sites one may observe thè fungal decomposition of thè lower 
part of thè cushion. It prefers half-shaded sites. On its optimal sites one may 
observe thè fungal decomposition of thè lower part of thè cushion. Its soil is 
slightly acidic to neutral, mildly calcareous to calcareous humus poor humic. 
The average level of ammonia is moderate, that of nitrite and nitrate likewise. 
It shows relatively high phosphorus and potassium levels, only thè latter has 
a wide interval of values. 

Polytrichum juniperinum . It is relatively frequent, occuring first of all 
in Junipero-Populetum, but growing also in Pinetum cultum and Convallario- 
Quercetum. Its soil is slightly acidic to neutral, slightly calcareous and humus 
poor. The level of ammonia is moderate, that of nitrite and nitrate likewise; 
thè level of phosphorus is moderate, but potassium shows a high level. As a 
species of calcifuge forests and growing principally on acidic rock outcrops, it 
only vegetates on calcareous sandy steppes; here its cushion is shallow and it 
grows often thread by thread. It does not bring sporogonia. 

Atrichum undulatum. It is a relatively rare species, occuring in thè more 
shaded stands of Festuco-Quercetum , in Convallar io-Quercetum and cultivated 
Pinetum. Its soil is acidic to slightly acidic, practically lime-free, humiferous. 
The average level of ammonia is relatively high, that of nitrite moderate and 
that of nitrate relatively high. Phosphorus shows a moderate level, potassium 
a high one. The micro-sites are fresh, development of thè species is normal and 
it brings sporogonia. 

Brachythecium velutinum. It grows on thè soil of Festuco-Quercetum and 
Convaliario-Quercetum, but threadwise it occurs also in Festucetum vagi¬ 
natae , Festucetum wagneri and Junipero-Populetum. Its soil is neutral to 
mildly basic, calcareous humiferous or humus rich ! The level of ammonia 
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is relatively high and so is thè level of nitrite, nitrate, potassium and 
phosphorus. 

Bryum capillare . It occurs frequently on thè soil (also at thè foot of 
trees) of Festuco-Quercetum and Convallario-Quercetum. Its soil is neutral, 
mildly basic, calcareous humus poor or humiferous. The average level of 
ammonia is relatively high, that of nitrite likewise; nitrate shows a moderate 
level, phosphorus a high potassium a moderate one. It develops well and 
brings sporogonia (June July). 

Mnium cuspidatum. Its sites are to he found mostly in thè stands of 
Convallario-Quercetum or in thè marginai parts of these, but sporadically it 
also occurs in Junipero-Populetum. Its soil is slightly acidic or neutral, slightly 
calcareous humiferous or humus rich !). The average level of ammonia is 
moderate, but in some of thè samples outstandingly high, that of nitrite and 
nitrate relatively high. Phosphorus shows a high, potassium a moderate level, 
thè standard error of mean of thè latter is small. Its high humus content ad- 
sorhs moisture, thus its micro-sites are always fresh. In some years it brings 
much sporogonia, whcreas in others only very few. 

Pleurozium schreberi. Relatively frequent in thè Nature Conservatoli 
Area, but it grows exclusively in Junipero-Populetum in extended and 10 30 

cm tliick cushions. It also occurs in several places in Pinus stands. Its soil is 
acidic, slightly acidic, slightly calcareous and humus poor. The average level 
of ammonia is moderate, that of nitrite and nitrate similarly; thè level shown 
by phosphorus is low and that of potassium high. 

Polytrichum formosum. This rare species occurs in Convallario-Quercetum 
and Pinus stands. It is a typical acidofrequent species of calcifuge forests, 
known in thè territory between thè Danube and thè Tisza only from a single 
site (Ócsa). Its soil is acidic, somewhat calcareous humus poor or humiferous. 
The average level of ammonia is relatively high, that of nitrite and nitrate 
moderate. Potassium shows a high and phosphoreous a low level. 

Pseudoscleropodium purum. Occurs sporadically in Convallario-Quercetum 
and Junipero-Populetum and grows in masses in some places of cultivated 
Pinus stands. Its soil is neutral, slightly calcareous and humus rich. The 
average level of ammonia is relatively high, that of nitrite and nitrate similarly. 
Phosphorus shows a moderate and potassium a high level thè values of thè 
latter ranging on a wide scale. 

Amblystegium riparium. The samples originate from Convallario-Quer¬ 
cetum robinietosum having fresh soil and deeper lying sites. It is also common 
in thè communities of thè hygroseries of thè area (Caricetum elatae , Caricetum 
acutiformis-ripariae , Agrosteum albae , Alopecuretum pratensis , etc.). Its soil is 
neutral, slightly calcareous, humiferous. The average level of ammonia is 
relatively high and so is thè level of nitrite, nitrate, phosphorus and 
potassium. 
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2. Description of thè sites of thè ecological groups of species 

With rogarci to thè investigateci characteristics, we may compare thè 
species groupecl according to their site requirements, that is, thè ecological 
groups of species. This grouping (Boros, 1968) has been carried out by taking 
into consideration thè experiences collected during several decades, thè results 
of investigation and thè results obtained abroad. 

pH-value. It ranges within a very wide interval in thè moss cushions 
growing on different sites of thè Nature Conservation Area (4.5 8.4). The 

lower values may he found mostly by mesophytous species, thè higher ones by 


PH_ 

Dicranum scoparium 
Pleurozium schreberi. 
Polytrichum formosum 
Atrichum undulatum 
Ceratodon purpureus 
Mnium cuspidatum 
Polytrichum juniiperinum 
Hypnum cupressiforme 
Pseudoscleropodium purum 
Tortula ruralis 
Abietinella abietina 
Amblystegium riparium 
Tortella inclinata 
Bryum capillare 
Brachythecium velutinum 
Brachythecium albicans 
Encalypta contorta 
Bryum argenteum 
Homalothecium lutescens 


4,5 5 5|5 6 6,5 7 7,5 8 8,5 



Fig. 3. Intervals of pH-values 


xerophytous species. The average of mean values of thè species belonging to thè 
different groups show a definite difference (Fig. 4). The mesophytous species 
significantly differ from thè xerophytous ones (Table 4). 

As for thè Chemical and physico-chemical properties of soil, their seasonal 
changes are well-known. We studied thè seasonal changes of thè pH-value by 
Tortula ruralis and Dicranum scoparium . The values showed according to 
thè Hungarian type of climate a peak in thè summer (cf. also Simon - 
Fulòp, 1966). The degrec of oscillation was on thè average, 0.2 (Tortula) and 
0.3 (Dicranum), respectively (Fig. 5). 
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Table 4 


Comparison of thè averages of mean values of xerophytic (N — 8) 
and mesophytic (N = 8) species by t-test 



pH 

Humus 

CaC0 3 

K,0 

mh 3 

NO r 

NO r 

p,o 6 

Mean values 

xerophytes 

7.4 

0.41 

6.2 

3.7 

0.07 

0.007 

1.2 

2.52 

mesophytes 

6.3 

1.72 

4.5 

3.9 

0.25 

0.016 

2.2 

2.27 

Calculated l-value 

2.77 

4.84 

2.22 

0.24 

6.96 

3.91 

2.64 

0.73 

SD P5% 

0.9 

— 

1.8 

2.0 

— 

— 

0.8 

0.81 

SDp,% 

— 

0.95 

— 

— 

0.09 

0.008 

— 

— 



Fig. 4. Comparative diagram of thè ecological groups of investigated species on thè basi» 
of thè average of mean values (xerophytes = X, xeromesophytes = XM, mesophytes = M) 
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Humus content. It is relatively low in thè investigateci area. In thè moss 
cushions it shows thè average value of 0.2 2 per cent. Within this range, 

thè difference of thè ecological groups of species is very definite. The values 
of thè xerophytous species of pioneer character are low, thè average of their 
mean values reaching 0.4 per cent, that of thè xeromesophytes 0.7 per cent and 
that of thè mesophytes 1.6 per cent. The difference between xerophytous 
and mesophytous species is significant (Table 4). The extremities are represented 
by thè species Bryum argentami , Tortula inclinata , Ceratodon purpureus , 
Tortula ruralis (xerophytous species with a mean below 0.5 per cent) resp. 
Brachypodium velutinum , Mnium cuspidatum , Pseudoscleropodium purum 
(mesophytes with a mean above 2 per cent) (Table 3). The xerophytous 



-,- 1 - 1 - - r - 1 - 1 - 

VI Vili X months VI Vili X months 

Fig. 5. Seasonal changes in thè pH-values in thè Reserve at Csévharaszt. A = Tortula rura¬ 
lis; B Dicranum scoparium ; thè samples were taken from (N = 3) open sandy grasses (A) 

and Junipero-Populetum (B) 


pioneers showing low average values often grow even on humus-free sites 
in great masses. Their organic substances enriehes thè soil by humification 
and thus it becomes suitable for thè settling of species with a liigher demand. 

The average of mean values of thè species of ecological groups indicate 
a significant difference (Table 4). The quantity of humus increases in thè 
xcroseries from thè open stands towards thè closed ones. Also in thè samples of 
thè respective species of open grasses there occurs a value approximating or 
even reaching 1 per cent. This may be explained by thè periodical humification 
of thè rich moss synusium. 

Investigation of inorganic forms of nitrogen. There exists a dose relation- 
ship between soil, humus and thè level of inorganic nitrogen. Humiferous soils 
with a good circulation of material show a high nitrate level, while thè nitrate 
and ammonia level of dry soils poor in humus is low. From thè ratio of in¬ 
organic N-forms one may conclude on thè characteristics of biodynamics. 
A too high level of nitrate and ammonia refers to an unhealthy soil life, to 
anaerobiosis and thè formation of raw humus. Inorganic N-forms play a small 
role in open grasses, in several cases they are even completely missing. Their 
level increases parallel with coverage and afforestation. 
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The values of inorganic N-compounds are in themselves very low. 
Particularly thè amount of nitrite-N and ammonia-N is small, this being 
characteristic of dry soil poor in organic substances and nutrients. The 
nitrite-N supply of thè soils of moss carpets is somewhat more favourable. It 
shows (in absolute sense) low to moderate values. Between thè nitrate-N 
average of thè three ecological groups though an increase from xerophytous 
species to mesophytous one is unambiguous there is a relatively small 
difference. The mean value of thè xerophytes differ significantly from that of 
thè mesophytes in thè case of all three N-forms (Table 4). Sometimes even thè 
samples of xerophytous species (e.g. Ceratodon purpureus , Tortella inclinata , 
Encalypta contorta) show relatively high values. One may assume in this case 
that owing to thè thickness of their larger carpets they preserve moisture 
better and bave a better adsorption capacity, further they resist to washout 
and hence also their Storage of nitrate is better. 

Ammonia-N indicates according to thè ecological groups of species — 
parallel to humus definite differences. 

The average of mean values of xerophytous species amounts to 0.07, 
that of xeromesophytes to 0.15 and that of mesophytous species to 0.25. As 
for nitrite-N and nitrate-N, thè values of xerophytous and xeromesophytous 
species are similar, while tlie mesophytes reach higher values. This refers un- 
ambiguously to thè fact that in thè mesophytous species there begins an 
accumulation of inorganic N-forms. The level of ammonia-N and nitrite-N of 
these species refers to fresh humus-forming processes and to surface 
anaero biosis. These processes are particularly characteristic of Junipero- 
Populetum. 

The extremities of inorganic N-forms are to be found in Table 3. 

We examined by some species thè summer-autumnal changes of Nitrate- 
N. According to this exploratory study, thè level of nitrate-N decreased from 
July to October by 1 mg on thè average (Fig. 6). 

Phosphorus and potassium content. In absolute sense thè level of phos- 
phorus may be regarded as moderate, whereas that of potassium as low. In 
thè different ecological groups of species none show definite relationships; 
concerning thè average of mean values their distribution may be considered 
as roughly uniform. Both of them but especially phosphorus show a 
considerable variability in thè soil between stable and labile stages, a warning 
to be cautious in thè evaluation of data. They are to be treated therefore as 
being only informative ones. 

Among thè xerophytous species, Bryum argenteum , Encalypta contorta 
and Tortella inclinata may be pointed out as showing a relatively high phos¬ 
phorus content, among thè xeromesophytes Hypnum cupressiforme and among 
thè mesophytous species Bryum capillare and Mnium cuspidatum similarly 
contain a relatively large amount of phosphorus. 


9 * 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 


132 


SIMON, T. — SZERÉNYI, G. 


As for potassium, thè following species can be mentioned in thè above 
sense: among thè xerophytes Ceratodon , Tortula ruralis , Tortella inclinata , 
Encalypta contorta , among thè xeromesophytous species again Hypnum cup - 
ressi/orme, among thè mesophytes Atrichum undulatum , Brachythecium velu- 
tinum and Pseudoscleropodium purum. 

Lime content. The soil of thè moss cushions show a good supply of lime 
content expressed in calcium carbonate. In addition, — concerning thè eco- 
logical groups of species also thè regularity of a decrease of calcium-carbon- 
ate content asserts itself, shown by thè sites ranging from open grasses to 
afforestations. The highest averages of mean values are reached by xero- 
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Fig. 6. Seasonal changes in thè N0 3 -values in thè Reserve at Csévharaszt. Full circlets: 
mean values of thè samples taken in August (see Table 3): einpty circlets: mean values of 
thè samples collected by thè end of October (N = 3) 


phytous species, while thè xeromesophytous species bave lower, and thè meso¬ 
phytes thè lowest, values. These differences though small — can be well 
identified. 

To sum up, it may be stated that, considering thè investigated factors, 
thè “empirical” ecological groups of moss species show a more or less de- 
limitable range of interval of values, except for phosphorus and potassium. 
This leads to thè conclusion that adaptation to thè given “niches” of thè 
environment is also bere a frequent phenomenon and that this becomes realized 
by thè selective matter intake of thè species. This means at thè same time 
that, by a more exact determination of thè factor species relations, also a 
more perfect delimiting and System, respectively, of tlie ecological may be 
elaborated. This will afford a more effectual informations on thè hasis of thè 
moss cushion showing various patterns and covering in some places extensive 
surfaces. 
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Fig. 7. Dicranum scoparium in thè IBP model area at Csévharaszt (Photo: T. Simon) 



Fig. 8. Pseudoscleropodium purum in thè IBP model area at Csévharaszt (Photo: T. Simon) 
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Fig. 9. Typical aspect of thè Reserve at Csévharaszt. In thè foreground Festucetum vaginatae 
danubiale- stands, in thè background Junipero-Populetum (Photo: T. Simon) 



Fig. 10. Detail of thè Reserve at Csévharaszt, Festuco-Quercetum-reìict stand (right back¬ 
ground), Junipero-Populetum (in thè middle) and Festucetum vagincitae-stipetosum-stiinds 

(in front) (Photo: T. Simon) 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 







MOSS ECOLOGICAL INVESTIGATIONS IN FOKEST-STEPPE ASSOCIATIONS 


135 




4cta Botanica Acaderniae Scientiarum Hungaricae 21, 1975 


Fig. 11. Junipero-Populetum , in front with Festucetum vaginatae Fig.12. “Cypress-figured” slender Juniperus in thè Reserve at 

Csévharaszt (Photo: T. Simon) 
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DATEN ZUR YERERBUNG 
DES CHAMAZULENGEHALTES 
IN KAMILLENPOPULATIONEN 

Von 

J. SvAB — I. SARKANY 
(Eingegangen ain 16. Aprii 1974) 

In thè past 15 years two new varieties of cainomile have been produced in 
Ilungary; their active agent is substantially better than that of field populations. 
The new strains offer a possibility to improve thè camasulene content of thè salt habitat 
populations. However, their utilization required a preliminary investigation into 
some fundamental problems. 

The possibilities and extent of hybridization of thè wild-growing population 
of a small inflorescence with thè improved species; thè fitness of thè varieties, their 
competitiveness in mixed populations; and thè course of heredity of camasulene 
content had to be clarified. The possible substrate effects on thè active agent content 
of thè new varieties — when cultivated on soda soil — had also to be examined. 
The paper discusses thè results of investigations of population dynamics. 

Die Beurteilung der Kamillen auf Grund ihres Wirkstoffgehaltes liat 
nach den chemischen Erkenntnissen der letzten 20 Jahre und besonders seit 
Klàrung der biologisclien Wirkungen des Chamazulens grosse Bedeutung ge- 
wonnen. Diese Erkenntnisse hatten zur Folge, dass man sich in den wichtigeren 
Produktions- und Vertriebslàndern der Kamille, somit aucli in Ungarn, die 
Steigerung des Kamillenwirkstoffgehaltes zur Aufgabe gestellt hat. Mit dem 
Blick auf diese Zielsetzung fiihrten MÀthé (1960) und MÀthé — TyihÀk (1960, 
1962) im Verlaufe mehrerer Jahre grossangelegte, das ganze Land uinfassende 
Erhebungen durch, um in den ungarischen òrtlichen Populationen die Ver- 
teilung nach dem Wirkstoffgehalt zu ermitteln. Die Untersuchungen fiihrten 
zu der Feststellung, dass die Populationen mit dem niedrigsten Chamazulen- 
gehalt in den Gebieten mit Sodabòden òstlich der Theiss vorzufinden sind. 
Diese Feststellung ist deshalb besonders schwerwiegend, weil der iiberwiegende 
Teil der wildwachsenden Kamille eben aus diesen Gebieten stammt und 
infolgedessen der durchschnittliche Gelialt der ungarischen Kamillendrogen 
an àtherischen Olen mit 0.3 — 0.6% angegeben wird; das Chamazulen ist unter 
diesen Ólen mit einem Anteil von 3 6% vertreten (Augustin, 1937; Will, 

1934; Auster Schàfer, 1958). 

Weitere Untersuchungen von MÀthé und Tyihak (1962) haben er- 
wiesen, dass die Populationen aus diesen Gebieten einen hohen Gehalt an 
L-a-Bizabolol aufweisen, das ebenfalls eine entzundungshemmende Verbindung 
darstellt. Die Verfasser haben zugleich auch darauf hingewiesen, dass in den 
ungarischen Kamillenpopulationen zwischen letzterer Verbindung und dem 
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Chamazulengehalt eine negative Korrelation besteht. Auf neuere Untersuchun- 
gen gestiitzt, ist aber Schilcher (1973) der Meinung, dass diese negative Kor¬ 
relation nicht gesetzmàssig ist. 

Zur Fòrderung der Konkurrenzfàhigkeit der ungarischen Kamille auf 
dem Weltmarkt bieten die Qualitàtsverbesserung, d. h. die Erhohung des 
Gehalts an àtherischen Òlen und insbesondere an Chamazulen die besten 
Perspektiven (Tétenyi, 1961). Mit dieser Zielsetzung wurde im Forschungs- 
institut fiir Heilpflanzen im Jahre 1958 die ziichterische Bearbeitung der 
Kamille eingeleitet; ùber die ersten Ergebnisse hat Sarkany (1965) berichtet. 
Ziichtungsarbeiten mit Kamille wurden ausserdem an der Universitàt fiir 
Gartenbau von Kerekes gefiilirt. Als Ergebnis der Kamillenziichtung in 
Ungarn wurden zwei Neuziichtungen mit den Sortennamen Budakalàszi 2 und 
Soroksàri 40 als staatlich anerkannte Sorten zugelassen (Becker, 1970). Bei 
beiden Sorten ist der Gehalt sowolil an àtherische Ólen, als auch an Chamazulen 
erheblich liòher als bei den wildwachsenden Populationen; im Gehalt an àthe¬ 
rischen Ólen von etwa 1% sind 15 17% Chamazulen entlialten. 

Diese Zùchtungsergebnisse sind an sich auch in praktischer Beziehung 
von Bedeutung. Zur wirksamen Ausniitzung der bereitgestellten Zuchtsorten 
erwies es sich aber als unerlàsslich einige theoretische Fragen zu klàren. 

Das zu losende Problem ergibt sich im wesentliclien daraus, dass ein er- 
heblicher Teil der Kamillendroge die Ungarn exportiert von Wildpopulationen 
der erwàhnten Sodabòden starnmt. Zur Steigerung des Chamazulengehaltes 
dieser ortlichen Populationen bietet sich die Mòglichkeit einer Ubersaat der 
Sodabodenweiden mit Saatgut der Zuchtsorten. Yor der ausgedehnteren Ein- 
fiihrung dieses ziemlich kostenaufwendigen Yerfahrens mussten folgende grund- 
legende Fragen geklàrt werden: Mòglichkeit und Umfang der Kreuzung der 
kleinbliitigen Wildpopulationen und der grossbliitigen Zuchtsorten; Fitness- 
verhàltnisse und Konkurenzfàhigkeit der Zuchtsorten in Mischpopulationen; 
Vererbung der Gehaltswerte. Schliesslich musste ermittelt werden, ob und wie 
sich der Bodeneffekt auf den Wirkstoffgehalt der neuen Zuchtsorten bei 
Anbau auf Sodaboden geltend macht. 


Material und Methode 


Die Yersuche wurden mit zwei Kamillentypen eingestellt. Die eine mit I bezeichnete 
Variante war eine kleinbliitige Kamille mit niedrigem, 4%igem Chamazulengehalt, die andere 
eine grossblutige Kamille mit 17% Chamazulengehalt, die mit II bezeichnet war. Beide 
Typen bliihten zu gleicher Zeit. 

Zwei Yersuche wurden eingestellt. In dem einen Yersuch wurde die Fortpflanzungs- 
dynamik der Mischpopulationen untersucht. Die Ansaat erfolgte mit einem je 50%igen 
Saatgutgemisch, wobei sich die bliihenden Pflanzen frei miteinander kreuzen konnten. Paral- 
lel wurden die beiden Typen auch in ràumlicher Isolation vermehrt. Aus der ersten und 
zweiten Nachkommensgeneration sowohl der Mischsaat als auch der isoliert vermehrten bei¬ 
den Typen wurden je 500 Einzelpflanzen zur Ermittlung der Verteilung der Individuen nach 
dem Chamazulengehalt gepriift. 
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Im zweiten Yersuch wurden die Kreuzungsverhàltnisse zwischen den beiden Typen 
in abwechselnden Reihensaaten untersucht. Das Saatgut der beiden Typen wurde je 1 Reihe 
sowie je 2, 3 und 5 Reihen wechselnd, jeweils in 4 Wiederholungen ausgesàt. Auf diese Weise 
hatten wir von jeder der beiden Typen Pflanzenreihen, die den fremden Pollen von beiden 
Seiten und solche, die ihn nur von einer Seite unmittelbar erhalten konnten. Ausserdem 
standen im Yersuch auch Pflanzenreihen, die von beiden Seiten durch je eine bzw. durch 
zwei Pflanzenreihen gegen den fremden Pollen abgeschirmt waren. 

Sàmtliche Pflanzen des Versuches, d. h. die gesamten Nachkommensgenerationen bei- 
der Yersuche wurden auch mit Pflanzung weitergefiihrt, das volle Versuchsmaterial konnte 
somit individuell untersucht werden. 

Die erfolgte Kreuzung bzw. der Erbgang wurde aus dem Chamazulengehalt getestet; 
die EP-Schnellmethode (Tyihàk, 1962) ermòglichte es uns, die Einzelpriifung einer relativ 
grossen Zahl in den spektrophotometrisch (6440 A) erinittelten Extinktionswerten anzugeben. 

Zur Erfassung des eventuellen Einflusses des Sodabodens auf den Chamazulengehalt 
wurde die Verteilung der Nachkommensgeneration der Sorte Budakalàszi 2 von den ange- 
sàten Parzellen mit der Yerteilung des durch Pflanzung vermehrten Bestandes der gleichen 
Sorte verglichen; aus dem letzteren Bestand waren die spontan ausgetriebenen Einzelpflan- 
zen der bodenstandigen Wildpopulation entfernt worden. 

Dieser Yersuch auf Sodaboden wurde in der Station Balmazujvàros (ostungarisches 
Steppengebietl des TInternehmen HERBARIA durchgefiihrt. 


V ersuchsergebnisse 

Priifung der Nachkommensgeneration der Mischpopulationen 

Die Bestànde der mit dem je 50%igen Saatgutgemisch der Typen I und 
II angesàten Feldversuche wurden zwei Jahre lang weitervermehrt, und die 
Verteilung nach dem Wirkstoffgehalt ihrcr Einzelpflanzen wurde mit der 
Verteilung der Individuen der Ausgangspopulation verglichen. 

Die prozentuale Verteilung der Pflanzen des 4% Chamazulen enthalten- 
den Typs I und des 17% Chamazulen enthaltenden Typs II auf Grund der 
bei Versuchsbeginn mit der EP-Schnellpriifung erhaltenen Farbreaktion — 
ist in Tabelle 1 angegeben. Die Ergebnisse, die wir nach der gleichen Priif- 
methode aus dem in den folgenden zwei Jaliren isoliert vermehrten Material 
erhielten, sind in der Tabelle 2 zusammengefasst. 

Nach den Untersuchungsergebnissen der drei Jahre entfielen 85 90% 

der Pflanzen des Typs I in den gelbe und gelbgriine Farbreaktionen liefern- 
den, niedrigen Chamazulengehalt anzeigenden Bereich, wàhrend von den 
Pflanzen des Typs II mehr als 85% blaue-dunkelblaue, hohen Chamazulen¬ 
gehalt anzeigende Farbreaktionen ergaben. Die Verteilung nach dem Chama¬ 
zulengehalt inncrhalb der Sorten erwies sich als sehr stabil, wie dies aus den in 
den Tabellen angegebenen Chi 2 -Werten hervorgeht. 

Die Nachkommensgenerationen der je 50%igen Mischsaat der beiden 
Typen wurden iiber zwei Jahre gepriift. Die Ergebnisse sind in Tabelle 3 ange¬ 
geben und mit der erwarteten Verteilung verglichen, die sich auf Grund der 
Ergebnisse der isolierten Vermehrung der beiden Typen ergeben wiirde, wenn 
sie sich mit gleicher Fitness, oline Hybridisation vermehren. 
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Tabelle 1 

Prozentuale Verteilung der Einzelpflanzen nach ihrem Chamazulengehalt 
bei den gepriiften beiden Typen (I und II) zu Beginn des Versuches 


Extinktionswerte 

H àufigkeits verteilung 
der Pflanzen 

0/ 

/o 

Typ I 

Typ II 

0 , 0 — 0,2 

45 

0 

© 

to 

! 

© 

48 

0 

0 , 4 — 0,6 

1 

1 

0 , 6 — 0,8 

2 

10 

p 

00 

l 

o 

3 

18 

1 , 0 — 1,2 

1 

37 

1 , 2 — 1,4 

0 

15 

1 , 4—1 6 

0 

13 

1 , 6 — 1,8 

0 

6 

Gesamtzahl der gepriiften Pflan¬ 



zen 

500 

500 


Tabelle 2 

Prozentuale Verteilung der Einzelpflanzen nach ihrem Chamazulengehalt 
in den isolierten Vermehrungsbestànden 


Hàufigkeitsverteilung der Pflanzen % 


Extinktionswerte 

Typ I 

Typ 

il 


1. Jahr 

2. Jahr 

1. Jahr 

2. Jahr 

0 0—0,2 

43 

53 

0 

2 

0,2—0,4 

45 

30 

0 

2 

0,4—0,6 

1 

4 

1 

2 

0,6—0,8 

2 

1 

9 

11 

0,8—1,0 

2 

7 

16 

26 

1,0—1,2 

3 

3 

30 

37 

1,2—1,4 

2 

1 

25 

11 

1,4—1,8 

1 

0 

6 

0 

Chi 2 

10,56 

1 

11,5 

1 


Aus diesen Daten kann festgestellt werden, dass die prozentuale Ver¬ 
teilung der Einzelpflanzen in der ersten Nachkommensgeneration vollstàndig 
mit der erwarteten Verteilung iibereinstimmt, die sicli aus der Summierung 
der Ergebnisse der beiden Ausgangspopulationen ergab. Der Wert Chi 2 = 8,2 
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beweist, dass die beiden Typen annàhernd gleiche Fitness hatten und dass in 
keiner Richtung eine Yerschiebung der Fortpflanzungsrate eintrat. Die 
zweite Nachkommensgeneration aus der weiteren Yermehrung lieferte ein 
etwas abweichendes Ergebnis. Im dritten Jalir zeigte nàmlich die Verteilung 
der Mischpopulation eine bei P = 0.1 signifikante Abweichung von der sum- 
mierten, berechneten Yerteilung der beiden Ausgangspopulationen, wie sie 
durch den Chi 2 -Wert von 28,2 angezeigt wird (Abb. 1). 


Tabelle 3 

Prozentuale Verteilung der Einzelpflanzen nach ihrem Chamazulengehalt 
in der 1. und 2. Nachkommensgeneration der Modellmischsaat 
im Vergleich zu den summierten Erwartungsiverten 


Extinktionswerte 

Sunimierte Haufigkeitsprozente der Einzel¬ 
pflanzen 

1. Nachkommensgeneration 

2. Nachkommensgeneration 

| Erwartung 

Beobachtung 

Erwartung 

Beobachtung 

0,0—0,2 

43 

49 

55 

23 

0,2—0,4 

45 

50 

32 

50 

© 

p 

Os 

2 

3 

6 

19 

0,6—0,8 

11 

5 

12 

23 

0,8—1,0 

18 

20 

33 

41 

1,0—1,2 

33 

27 

40 

28 

1,2—1,4 

27 

31 

12 

11 

1,4—1,6 

14 

7 

10 

5 

co 

7 

NO 

7 

8 

0 

0 

Chi 2 

8,2 

1 

28,2 

1 


Aus dem Yergleich der erwarteten und der empirisch ermittelten Yer¬ 
teilung kann festgestellt werden, dass sich die Zahl der Pflanzen des tìber- 
gangstyps erheblich erhòht hat. Hieraus làsst sich darauf schliessen, dass eine 
Kreuzung gewissen Umfanges vor sich gegangen ist und der Chamazulen¬ 
gehalt dem intermediàren Erbgang folgt. Ausserdem kann konstatiert werden, 
dass sich die Yariationsbreite des Chamazulengehaltes in der zweiten Nach¬ 
kommensgeneration des Yersuches eingeengt hat. Diese Einengung betraf in 
annàhernd gleichem Masse die extrem hohen und die extrem niedrigen Chama- 
zulenwerte. Diese Ausgleichungstendenz der Mischpopulation kann nicht 
Jahreseffekten zugeschrieben werden, da in der gleichjàhrigen isolierten Ver- 
mehrung der Typenkomponenten eine àhnliche Tendenz nicht zur Geltung 
kam. 
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erste Nachkommengeneration 



Extinctionswerte 



Extinctionswerte 


Abb. 1. Prozentuale Verteilung der Einzelpflanzen nach ihrem Chamazulengehalt in den erst- 
und zweitjàhrigen Nachkommensgenerationen der Modellmischsaat im Vergleich zu den 

summierten Erwartungswerten 


Untersuchungen iiber die Mòglichkeiten der Kamillentypenkreuzung 
in rdumlicher Isolation 

Die in den soeben beschriebenen Versuchen beobachtete Erhòhung des 
numerischen Anteils der intermàdieren Typen gab uns den Anstoss, die Mòg¬ 
lichkeiten einer Kreuzung der beiden abweichenden Typen in einem konkret 
hierauf abzielenden Yersuch zu untersuchen. Zu diesem Zweck wurde der Ver- 
such mit abwechselnder Reihensaat eingestellt, wodurch sich die Mòglichkeit 
bot, die Einkreuzungsverhàltnisse in der Nachkommensgeneration zu priifen. 
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und zwar je nachdem ob die Prlifpflanzen fremden Pollen aus den unmittelbar 
anreihenden Nachbarreihen von beiden Seiten bzw. nur von einer Seite erhal- 
ten konnten oder ob sie dagegen durch je eine bzw. durch je zwei Reihen von 
Pflanzen des eigenen Typs geschiitzt waren. 

Zur besseren Ubersichtlichkeit wurden die Ergebnisse der Unter- 
suchungsergebnisse an den Nachkommensgenerationen auf Grund der jeweili- 
gen Extinktionswerte in 4 Gruppen geordnet. Die Untersuchungsergebnisse 
aus der 1. Nachkommensgeneration sind in Tabelle 4 zusammengefasst. Die 
Daten zeigen, dass die Einkreuzungsmòglichkeiten bei beiden Typen die 
gleichen waren, eine Kreuzung aber bei beiden nur dort erfolgte, wo sich die 
Pflanzen in unmittelbarer Nachbarschaft der Pflanzen des fremden Typs be- 
fanden. In der Nachkommensgeneration der durch eine bzw. durch je zwei 
Schutzreihen isolierten Pflanzenreilien zeigte die Verteilung der Einzel- 
pflanzen nach dem Chamazulengelialt eine fast vollstàndige Èbereinstimmung 
mit der Verteilung in den isolierten Ausgangspopulationen. Bei den mit dem 
fremden Typ unmittelbar benachbarten Reihen erhohte sich demgegeniiber 
die Zahl der Pflanzen mit den fiir den fremden Typ charakteristischen Chama- 
zulen-Werten um 15 20%. Waren jedoch die Prlifpflanzen aucli nur durch 

eine Isolierungsreihe gegen die fremde Pflanzenreihe abgeschirmt, so war 
iiberhaupt keine Einkreuzung nachzuweisen. Diese Beobachtung ist fiir die 

Tabelle 4 


Prozentuale Verteilung der Einzelpflanzen nach ihrem Chamazulengehalt 
in der F x -Nachkommensgeneration der mit Isolation vermehrten Versuchsbestànde 




Fremder Pollen 


Extinktionswerte 

direkt 

indirekt 

Isolierte 

Ver- 

niehrung 

von 

einer 

Seite 

von 

zwei 

Seiten 

iiber eine 
Isolier- 
reihe 

iiber zwei 
Isolier- 
reihen 

Typ I 






0,0—0,3 

72 

77 

87 

88 

88 

0,3—0,5 

4 

5 

3 

3 

4 

0,5—0,7 

4 

4 

4 

6 

6 

0,7 

20 

15 

6 

4 

4 

Typ II 






0,0—0,3 

18 

17 

0 

1 

2 

0,3—0,5 

5 

2 

1 

2 

3 

0,5—0,7 

2 

7 

2 

4 

0 

0,7 

75 

74 

97 

93 

95 

Gesamtzahl der gepriiften 






Pflanzen 

400 

400 

400 

1 

400 

400 
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Erhaltungsziichtung von Bedeutung und bietet Richtlinien fiir die erforderliche 
ràumliche Isolation. 

Ini weiteren Yerlauf des Versuches wurde die Yerteilung der Einzel- 
pflanzen in den F 2 und F 3 -Nachkommensgenerationen der hypothetischen 
Hybridpflanzen auf Grund der obenerwàhnten 4 Gruppen der Extinktions- 
werte untersucht. 

Yon Typ I wurde aus den Samen der den Extinktionswert <0,7 erge- 
benden Pflanzen F^-, und F 2 - und F 3 -Generationen entwickelt und deren 
Yerteilung mit der Yerteilung der aus der isolierten Vermehrung des Ausgangs- 
materials erhaltenen Pflanzen verglichen. Die Ergebnisse sind in Tabelle 5 
und in Abb. 2 zusammengefasst. Im Yergleich zum Ausgangsmaterial zeigte 


Typ I l'yp II 



gelbe Farbreaktion, ohne Chamazulengehalt 

grùne Farbreaktion, Chamazulengehalt 
max. 3% 

jrowvy blaue Farbreaktion, Chamazulengehalt 
BxxWxi max. 7 % 

dunkelblaue Farbreaktion, Chamazulen¬ 
gehalt ùber 7 % 

Abb. 2. Prozentuale Verteilung der aus der Samenernte von Typ I stammenden Hybrid- 
fcf.t pflanzen nach ihrem Chamazulengehalt in den Nachkommensgenerationen Fj—F 3 
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Tabelle 5 

Prozentuale Verteilung der aus der Samenernte 
voti Typ I erhaltenen Hybridpflanzen nach ihrem Chamazulengehalt 
in den Nachkommensgenerationen F t —jP 3 


Extinktionswerte 

Hàufigkeitsvertei 
der Pflanzen in 

r. f. 

ilung 

% 

f 3 

I solierte Vermehrung 
von Typ I 
Durchschnitt 
von 3 Jahren 

0,0—0,3 

72 

43 

49 

86 

0,3—0,5 

4 

10 

12 

4 

0,5—0,7 

4 

10 

8 

6 

0,7 

20 

37 

31 

4 

Gesamtzahl der gepriiften Pflanzen 

100 

200 

400 

300 


sich in den Nachkommensgenerationen der Hybridpflanzen eine erhebliche 
Erhòhung der Zahl jener Einzelpflanzen die blaue Farbreaktionen und einen 
Extinktionswert <0,7 ergeben. 

Es scheint, dass die F 2 - und F 3 -Generationen bereits in eine Gleich- 
gewichtslage kommen und dass diese im Yergleich zum Ausgangsmaterial eine 
wesentliche Yerbesserung bedeutet. Der ursprùnglich mehr als 80%ige Anteil 
der chamazulenarmen Pflanzen sank unter 50% ab, wogegen sich der Anteil 
der hochchamazulenhaltigen Pflanzen von der urspriinglichen einigen Pro- 
zenten auf iiber 30% erhòhte. 


Anbauversuche auf Sodaboden mit der Kamillenzuchtsorte 

Mit der grossblùtigen Zuchtsorte Budakalàszi 2 wurden mehrjàhrige 
Anbauversuche in der Gegend von Balmazujvàros (ostungarisches Steppen- 
gebiet) auf umgebrochener Sodaweideflàche durchgefiihrt. Als erfreuliches Er- 
gebnis Lonnte festgestellt werden, dass die grossbliitige Sorte Budakalàszi 2, 
die in Zuchtgartenvermehrungen Bliitengewichte von 3,5 — 4,5 g aufweist, 
auch im Anbau auf Sodaboden eine relativ grossbliitige Droge lieferte. Gegen- 
iiber den Blùtengewicht von 1,5 — 2 g der aus Samen der òrtlichen Wildpopu- 
lation stammenden Bestànde, ergab die Sorte Budakalàszi 2 auch auf dem 
Sodaboden Hundertbliitengewichte von 2,8 3,2 g. Als giinstiges Ergebnis 

konnte weiterhin verbucht werden, dass die kiinstlich getrocknete Bliitendroge 
aus dem Anbau der grossbliitigen Sorte Budakalàszi 2 auf Sodaboden in mehr- 
jàhriger Lagerung nicht stàrker auseinanderfiel und verstaubte, als die Bliiten- 
droge der kleinbliitigen bodenstàndigen Wildpopulationen. Es bleibt jedoch 
fraglich, ob und inwieweit sich der zùchterisch erzielte hòhere Wirkstoffgehalt 
beim Anbau auf Sodaboden realisieren làsst, nachdem im Laufe des zwei- 
jàhrigen Yersuchsanbaus gewisse Widersprliche auftauchten. 
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In einigen Fàllen lieferte die Zuchtsorte im Anbau auf Sodaboden den 
erwarteten hohen Chamazulengehalt, vereinzelt kamen aber auch erheblich 
unter dem Erwartungswert liegende Gehaltswerte vor. Es wurde versucht, 
diesen Widerspruch auf populationsgenetischer Grundlage zu klàren. Auf 
Zusammenhànge zwischen Umwelteffekt und genotypischer Zusammen- 
setzung von Populationen hat iibrigens auch Stein (1965) schon hingewiesen. 

Es kann angenommen werden, dass auf diesen uralten, natiirlichen 
Kamillenfeldern im Boden verbliebene oder vom Wind angewehte Samen der 
bodenstàndigen Wildpopulation die Zuchtsorte verseucht haben und dass der 
durchschnittliche Wirkstoffgehalt der Sortenpopulation als Folge dieser gene- 
tischen Einmischung gesunken ist. Es liandelt sich also wohl um eine durch 
Umweltbedingungcn herbeigefùhrte, letzten Endes aber genetisch bedingte 
Verànderung. 

Zur tìberprufung dieser Annahme wurde in Nachkommensgenerationen 
der auf Sodaboden angebauten Zuchtsorte Budakalàszi 2 die Verteilung der 
Einzelpflanzen nacli ihrem Chamazulengehalt in einer Gegeniiberstellung von 
Ansaatkultur und Pflanzkultur untersucht. In der letzteren konnte nàmlich 
die Einmischung der bodenstàndigen Wildpopulation ausgeschaltet werden. 

In diesem Yersuch wurden die Nachkommen der auf Sodaboden mit 
Anpflanzung aufgezogenen Zuchtsorte Budakalàszi 2, die 17,4% Chamazulen- 
wert zeigten, also scheinbar unvermischte Nachkommenschaft der Sorte dar- 
stellten (Stichprobe Nr. 3), mit Nachkommen derselben Sorte aus der Ansaat¬ 
kultur verglichen, die 11,6% und 13,6% Chamazulengehalt aufwiesen (Stich- 
proben 1 und 2); letztere zwei Stichproben repràsentierten also Bestànde, in 
denen eine spontanc Yermischung mit der bodenstàndigen Wildpopulation 
nicht ausgeschlossen war. 

Die von diesen drei Stichproben erhaltenen Nachkommen wurden wieder 
auf Sodaboden angebaut, nun aber einheitlich in Pflanzkulturen, wobei das 
erhaltene Pflanzenmaterial wurde mit dem urspriinglichen, nicht von Soda¬ 
boden stammenden, isoliert vermehrten Basismaterial mit 18%igen Chama¬ 
zulengehalt der Sorte Budakalàszi 2 (Stichprobe 4 als Kontrolle) verglichen. 
Die Ergebnisse dieses Yergleichs sind in Tabelle 6 und Abb. 3 zusammengefasst. 

Die prozentuale Yerteilung der Naclikommenpflanzen der einzelnen 
Stichproben bestàtigt ganz eindcutig die Stichhàltigkeit der Annahme, dass 
im Falle der chamazulenarmen Stichproben 1 und 2 eine Yermischung der 
Zuchtsorte Budakalàszi 2 mit der bodenstàndigen, chamazulenarmen Wild¬ 
population erfolgte. Bei Stichprobe 1 zeigt sich eine 30%ige, bei Stichprobe 2 
eine 15%ige Fremdeinmischung ini Bestand. Dieser Yermischungsanteil 
stimmt mit der Yerringerung der Chamazulenwerte gegenùber dem Ausgangs- 
material gut iiberein. Bei Stichprobe 3, in dem zwar auf Sodaboden, jedoch in 
Pflanzenkultur vermehrten Bestand erfolgte keine Yermischung mit der Wild¬ 
population. Demgemàss zeigt dieser Bestand die gleiche Yerteilung und an- 
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Tabelle 6 


Prozenluale Verteilung der Einzelpflanzen nach ihrem Chamazulengehalt 
in den Nachkommensgenerationen der auf Sodaboden angebauten Zuchtsorte Budakalàszi 2 


Extinktionswerte 

Stichproben aus (.en auf 
Sodaboden gewachsenen 
Bestànden 

Kontrolle 

4 


1 

2 

3 


0,0—0,2 

15 

4 

0 

0 

0,2—0,4 

25 

10 

0 

0 

0,4-0,6 

2 

3 

1 

1 

0,6-0,8 

8 

1 

2 

2 

0,8 -1,0 

12 

14 

6 

7 

1,0-1,2 

14 

15 

14 

18 

1,2—1,4 

13 

17 

26 

23 

1,4—1,6 

10 

14 

23 

21 

1,6 —1,8 

4 

15 

18 

16 

Gesamtzahl der gepriiften Pflanzen 

300 

300 

300 

300 

Chamazulengehalt der Stichproben in Prozenten 
des Gehalts an àtherischen Olcn 

1 = 11,6 

2 = 13.6 

3 = 17,4 

4 = 18,0 


nàhernd gleiche Chamazulenwerte, wie der auf sodafreiem Boden isoliert ver- 
mehrte Bestand der Sorte Budakalàszi 2. 

Die Ergebnisse dieses Versuches lassen die Annahme berechtigt erschei- 
nen, dass die beim Anbau der hochchamazulenhaltigen Zuchtsorten auf Soda¬ 
boden zuweilen beobachteten verringerten Chamazulenwerte niclit dem Boden- 
effekt zuzuschreiben sind, sondern durch Verànderung des genetischen Auf- 



Abb. 3. Prozentuale Verteilung der Einzelpflanzen nach ihrem Chamazulengehalt in den 
Nachkommensgenerationen der Stichproben aus den auf Sodaboden gewachsenen Bestànden 

der Zuchtsorte Budakalàszi 2 


10 * 
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baues der Populationen verursacht werden. Dies ist eine neuerliche Bekràfti- 
gung der Feststellung von Kaiser Hasenmaier (1965) und unserer eigenen 
Beobachtungen (Svàb, 1967), dass nàmlich die Hòhe des Chamazulengehaltes 
in erster Reihe genetisch bedingt ist und von okologischen Effekten kaum 
beeinflusst wird. 

Die hier dargelegten Yersuchsarbeiten sind bloss erste Schritte zur 
Klàrung der theoretischen Grundlagen fùr die breitere Nutzung der in der 
ungarischen Kamillenziichtung erzielten Ergebnisse. Unsere bisherigen Unter- 
suchungsresultate deuten darauf hin, dass sicli fiir die Steigerung des Chama¬ 
zulengehaltes der ungarische Kamille verschiedene, auch theoretisch begriin- 
dete Mòglichkeiten bieten. 


Zusammenfassung 

1. Nachkommensgenerationen der Mischsaat einer kleinbliitigen, wenig 
Chamazulen enthaltenden und einer grossbliitigen hochchamazulenhaltigen 
Kamillentype blieb deren Verhàltnis unveràndert, und die Kreuzung der 
beiden Typen gestaltete sich je Jahrgang unterschiedlich. 

2. Bei reihenweise wechselnder Nachbarsaat der kleinbliitigen und gross- 
bliitigen Kamillentypen zeigte sich zwischen unmittelbar angrenzenden Reihen 
eine 15- bis 20%ige Einkreuzung. 

3. Auf Grund der Yersuchsergebnisse scheint die Kreuzung der beiden 

Typen durch Einschaltung von 1 2 Isolierreihen ausscliliessbar zu sein. 

4. In der Nachkommenschaft der Hybridpflanzen der beiden Typen 
kam die F.,-Population ins Gleichgewicht, das sich in der F 3 -Generation schon 
stabilisierte. 

5. Die beim Anbau der hochchamazulenhaltigen Zuchtsorten auf Soda- 
boden zuweilen beobachtete Yerringerung des Wirkstoffgehaltes ist der Yer- 
seuchung durch die bodenstàndige Wildpopulation zuzuschreiben. In reinen 
Linien kam kein chamazulenverringernder Effekt des Sodabodens zur Geltung. 
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The paper joins to thè complex ecosystem research into thè climate-zonal oak 
forest (Quercetum petraeae-cerris) of thè hilly region between thè Transdanubian 
Central Mountains and thè Great Plain. It examines thè precipitation quantities in 
1974, by sampling fortnightly, which arrive above thè forest canopy, and those which 
fall through thè tree and shrub layer and flow down on thè trunk of trees, reaching 
thè forest soil. 

The throughfall beneath thè oak canopy was collected by using 14 polyester 
troughs of 20x100 cm collecting surface, while thè stemflow by thè aid of 14 poly- 
urethane collars placed around thè trunks. 

The study determines thè interception, its seasonal changes, and analyzes thè 
differences between thè two tree species and between thè tree and shrub com- 
binations. The data are also calculated for hectare. 

Among thè processes taking place in thè ecosystem, thè pattern of water 
circulation is decisive from several viewpoints. For example, to follow thè 
quantitative and qualitative course of productivity, or to explore thè bio- 
element cycles, and to understand thè whole ecosystem balance itself, thè 
knowledge of water circulation pattern in time and space is indispensable. 
Since howevcr water circulation itself is a very complicated and complex 
process, investigation into it may be facilitated if thè informative data are ob- 
tained separately from thè individuai sections of thè process which may be 
combined later. Sections of thè ecosystem water circulation may be composed 
of elements like: input water; pathway of water, reaching thè ecosystem in thè 
form of precipitation, to thè soil; water in thè soil; water useel and stored by 
living organisms; output water (with two of its branches: through organic and 
through inorganic matter). 

The purpose of thè present paper is to describe one of tliese sections 
— thè dynamics of thè precipitation falling onto thè soil in relation 
to thè water circulation of a forest ecosystem examined over one year. 
Our examinations are part of thè complex ecosystem research (“Sikfokut 
Project”, cf. Jakucs 1973), taking place witliin thè framework of thè MAB 
program, on thè model area allocated in thè Pannonicum climate — zonal 
oak forest. 

* “Sikfòkut Project”, No. 14. 
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The quantities and way of thè precipitation falling to thè forest floor 
have already been studied for a long time. By a random selection we refer, for 
example, to thè investigations of Zinke (1967) carried out in thè USA who 
published a summary. In thè most important forest types of Great Britain, 
Ovington (1954), Reynolds Leyton (1963), Rutter (1963), Carlisle — 
Brown White (1965), Reynolds-Henderson (1967) and Leyton— 
Reynolds Thompson (1967) made similar investigations. The works of 
Delfs (1967) and Ulrich (1971) in thè beech and spruce stands of Central 
Germany; as well as thè precipitation investigations in thè Mediterranean oak 
forests by Ettehad Lossaint—Rapp (1973) sliould also be mentioned. 
Molchanov (1971) reported on thè water budget of thè zonal forests in thè 
Soviet Union. Intribus (1970) gives a preliminary report on thè investigation 
that have been started in a Slovakian blue hornbeam-oak forest. 


Site and method 

Our examinations were carried out in a 65 year old homogeneous, off- 
shoot originated turkey oak forest (Quercetum petraeae-cerris) in thè hill- 
country lying in thè interception of thè Northern Mountains and thè Great 
Plain. In thè canopy layer Quercus petraea (84%) is dominant, beside it, 
Quercus cerris (16%). The crown canopy is 80 per cent closed, thè average tree 
height is 17.3 m, thè mean trunk diameter is 20 cm, and there are 816 trees per 
hectare. The shrub stratum of thè forest is also very rich, its average coverage 
is 66% (Jakucs Horvath Karasz, 1974). The annual precipitation of thè 
area is 540 580 inni as an average of 50 yeras; in thè year of examination it 

was 710 mm. The yearly mean temperature is 9.9°C; thè same in thè growing 
season is 17°C. 

The experiments were carried out on a 50 X 50 m (a quarter of a hectare) 
area allocated for this purpose (“Sikfokut Project”, “B” square). Incident 
rainfall (a), throughfall (b) and stemflow (c) were measured. The examina¬ 
tions were carried out from 27 February, 1974, to 4 December, 1974. The 
foliage of thè forest was fully developed by thè middle of May, and thè 
great majority of thè foliage Teli down by thè end of October. The col- 
lecting buckets were emptied once a week, a fortnight, and possibly more 
rarely, correspondingly witli thè rainfalls, altogether on 23 occasions. Evap- 
oration loss with thè ldack-colour collecting buckets is negligible, accord- 
ing to our measurements. It should be mentioned here that thè only water 
source of thè forest examined is thè atmospheric precipitation, which, in thè 
vegetation period, is realized exclusively in thè form of rainfalls (in summer 
these are heavy rainfalls). The quantity of moisture precipitating by dew is 
small in thè forest; more considerable are thè quantities of water precipitating 
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from fog, these however — similar to snow — are characteristic of thè wintei 
months. 

(a) Measurement of thè incident rainfall was carried out on thè top of a 
24 m high tower erected on thè area, at a height of 4 m above thè forest canopy, 
in a polyester collecting trough of 2000 cm 2 surface area, similar to through- 
fall. On thè same place, on top of thè tower, HELLMANN-type rain gauges 
were also put out. A comparison between thè quantities of thè precipita- 
tion measured with thè two methods raises methodological problems. The 
control input precipitation is in generai measured in open land near by thè 
forest examined and this is adapted to thè forest (Carlisle — Brown 
White, 1965; Skau 1964; Mayer 1971, etc.). In thè middle of our exainination 
year we also put out rain gauges on thè open land farther from thè forest edge, 
whereby obtaining comparative data relating also to thè atmospheric pre¬ 
cipitation quantities measured at thè two places. 

(b) The throughfall was collected in thè 14 troughs of 2000 cm 2 collecting 

surface each placed on a quarter of hectare, of which thè water was gathered 
in plastic buckets (Fig. 1). The CV of thè data obtained in this case is around 
10%, except for thè water quantities measured in thè case of low incident 
rainfall, when thè CV value of thè data amounts to even 20 30%. The error 

of thè data, on thè basis of thè BARTLETT-test proved to be homogeneous. The 



Fig. 1. Throughfall collecting trough (surface area 2000 cm 2 ) (Photo: M. Szabó) 
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collecting troughs were placed out according to thè following combination: 5 
under thè canopy of Quercus petraea , 3 under Qu. cerris tree, 3 under Qu. 
petraea tree + Acer campestre shrub, and 3 under Qu. petraea tree + Cornus 
mas shrub. 

(c) The stemfJow was measured also in thè allocated area, on 14 trees 
whose dbh. was near thè mean stem diameter. Polyurethane collars were 
placed at a height of 130 cm on thè stem of 9 Quercus petraea and 5 Quercus 
cerris , and thè stemflow was collected in plastic cans (Fig. 2). The possibility 



Fig. 2. Stemflow collecting equipment. The drain tube is led into a 50 1 plastic bucket (Photo: 

L. Nagy) 
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of applying polyurethane foam for catching stemflow water was reported by 
Likens Eaton (1970). 

(d) The relations between thè incident rainfall and thè throughfall and 
stemflow quantities were evaluated on thè ODRA 1024-type computer of thè 
Kossuth Lajos University, Debrecen. 


Results 

The atmospheric precipitation in forest ecosysteins never reaches thè 
soil in full quantity. The water quantity which finally gets down to thè soil 
can be divided into two parts. One part falls directly through thè canopy, or 
it gets to thè soil by dripping down from thè leaves (i.e. canopy drip), this is 
thè so-called throughfall. The otlier part flows down along thè branches and 
trunks and reaches thè soil in this way; this is thè stemflow. The difference 
between thè water-quantity reaching thè canopy and that getting finally onto 
thè soil, is thè interception loss. The maximum water-quantity which can 
physically be retained by thè vegetation is called thè canopy Storage capacity. 
This, together with that part of thè water which evaporates during thè rainfall 
give thè maximally possible interception loss. 

(a) Throughfall 

The quantity of throughfall as a function of incident rainfall examined 
in four variations can be expressed by a linear regression curve (Fig. 3). 
Accordingly, thè largest quantity of precipitation arrived through thè canopy 
of Quercus cerris to thè soil, wliile thè lcast through thè foliage of Quercus 
petraea. Interestingly, in thè case of shrub combinations more water reached 
thè soil tlian through thè foliage of Quercus petraea. This is explained by thè 
fact that in thè forest above thè shrubs thè canopy is in generai and in our 
sampling case it was so less closed. The quantities of thè throughfall of thè 
two shrub species are nearly identical with eacli other, therefore, thè regression 
curve is given only for Quercus petraea + Cornus mas. The greater quantity 
of water arriving through thè foliage of Turkty oak to thè soil probably Comes 
about from thè particular canopy pattern of thè species and from thè small 
values of its canopy Storage capacity. We calculated these values by extra- 
polating thè regression curves, and considercd them only as of an informative 
character since their more accurate determination would require measurements 
by thè rainfall. We remark, in addition, that thè correlation between through¬ 
fall and atmospheric precipitation in thè case of a small quantity of rain is not 
linear. 

Since thè regression equations were calculated for water quantities 
collected on a 2000 cm 2 surface, thè results should be divided by 200 when 
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calculating for mm units. Thus thè regression curves will give thè following 
results: 

Quercus petraea T = 0.738 P — 0.557 r = 0.994*** 
canopy saturation: 0.75 mm 

Quercus cerris T = 0.858 P — 0.354 r = 0.995*** 
canopy saturation: 0.42 mm 

Quercus petraea + Acer campestre T = 0.799 P — 1.476 r = 0.989*** 
canopy saturation: 1.84 mm 

Quercus petraea + Cornus mas T = 0.786 P — 0.858 r = 0.990*** 
canopy saturation: 1.09 mm 

Total throughfall T = 0.805 P — 0.966 r = 0.993*** 
canopy saturation: 1.20 mm 

T = throughfall (mm); P = rainfall (mm); 

Significance of thè correlation coefficient r***: P = 0.1% 



gross rainfall 1/0,2 rrr 

Fig. 3. Linear regression of throughfall on gross precipitation. 1. Quercus petraea T = 0.738P — 
— 11.395, r = 0.994***; 2. Quercus petraea -f- Cornus mas T == 0.786P— 171.638, r = 0.990***; 
3. Quercus cerris T = 0.858P — 70.752, r = 0.995***; T = throughfall; P = gross rainfall 
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The canopy Storage capacity values vary according to species, and they 
depend to a considerable degree on thè leaf surface index, thè leaf tissue con- 
struction, and on thè changes in weather conditions varying according to 
seasons. 

Zinke (1967) recorded 0.25 — 9.15 mm canopy Storage capacity values in 
generai; liis values are higher in conifers than in deciduous species. The values 
of thè latter in thè leafless period are evidently sinaller than in thè vegetation 



Fig. 4. The relationship between throughfall and gross rainfall. Throughfall is expressed as 
a percentage of rainfall. 1. Leafy season; 2. leafless period 


period. Leyton Reynolds—Thompson (1967) obtained smaller values with 
hornbeam in winter, but higher canopy Storage capacity values for beeches in 
winter. According to our examinations, thè canopy Storage capacity value of 
Quercus petraea in thè leafy period is 0.9 mm, while in thè leafless period 0.60 
mm.* The throughfall quantities in mm and in thè percentage of thè atmo- 
spheric precipitation, are given in Tables 1 and 2, and in Fig. 4. It is con- 
spicuous in this figure, where thè throughfall has been demonstrated for thè 
vegetative and for thè leafless periods, in thè percentage of precipitation, that 
thè canopy Storage capacity value in thè vegetation period is 1.45 mm. The 


* Rutter (1963) deterinined thè canopy Storage capacity value in vitro, with artificial 
inoistening, and his value was smaller than those calculated by extrapolation. 
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Table 1 


Interception of rainfall 


Day of sampling 

Gross 

rainfall 

Throughfall 

Stemflow 

Total on soil** 

Interception 


mm 

mm 

% 

mm 

% 

mm 

% 

mm 

1 % 

13. Mar. 

4.3 

3.6 

83.3 

0.1 

0.7 

3.7 

84.0 

0.7 

17.0 

10. Apr. 

1.8 

0.9 

50.0 

0 

0 

0.9 

50.0 

0.9 

50.0 

24. Apr. 

1.5 

0.5 

33.3 

0 

0 

0.5 

33.3 

1.0 

66.7 

3. May 

28.5 

23.2 

81.5 

0.9 

2.9 

24.1 

84.4 

4.4 

15.4 

8. May 

19.4 

16.1 

83.3 

0.7 

3.6 

16.8 

86.9 

2.6 

13.1 

22. May 

30.8 

21.6 

70.0 

0.7 

2.2 

22.2 

72.2 

8.6 

27.8 

5. Jun. 

33.8 

26.3 

77.9 

0.6 

1.7 

26.9 

79.6 

6.9 

20.4 

12. Jun. 

43.0 

32.4 

75.4 

1.6 

3.6 

34.0 

79.0 

9.0 

21.0 

19. Jun. 

27.8 

22.3 

80.3 

0.8 

2.9 

23.1 

83.2 

4.7 

16.8 

26. Jun. 

2.5 

1.2 

48.0 

0 

0 

1.2 

48.0 

1.3 

52.0 

3. July 

14.8 

9.4 

63.2 

0.6 

4.6 

10.0 

67.8 

4.8 

32.2 

17. July 

7.0 

5.0 

71.4 

0.1 

1.4 

5.1 

72.8 

1.9 

27.2 

31. July 

16.0 

11.5 

72.0 

0.2 

1.1 

11.7 

73.1 

4.3 

26.9 

21. Aug. 

51.7 

35.1 

67.9 

0.9 

1.7 

36.0 

69.6 

15.7 

30.4 

29. Aug. 

38.4 

29.8 

77.6 

1.6 

4.2 

31.4 

81.8 

7.4 

18.2 

6. Sept. 

16.5 

11.4 

69.4 

0.4 

2.1 

11.8 

71.5 

4.7 

28.5 

25. Sept. 

27.7 

21.4 

77.5 

1.0 

3.3 

22.4 

80.8 

5.3 

19.2 

2. Oct. 

8.7 

5.9 

67.3 

0.1 

1.1 

6.0 

70.0 

2.7 

30.0 

9. Oct. 

50.0 

39.8 

79.7 

2.0* 

3.9* 

41.9 

83.6 

8.2 

16.4 

17. Oct. 

55.7 

43.6 

78.3 

2.0* 

3.5* 

45.6 

81.8 

10.1 

18.2 

23. Oct. 

74.3 

61.9 

83.3 

2.0* 

2.7* 

63.9 

86.0 

10.4 

14.0 

30. Oct. 

14.0 

12.2 

87.1 

0.6 

4.3 

12.8 

91.4 

1.2 

8.6 

4. Dee. 

27.1 

23.3 

85.8 

1.5 

5.5 

24.8 

91.5 

2.3 

8.5 


* Stemflow values are underestimated, sirice many containers overflowed 
** Sum of throughfall and stemflow (net rainfall under forest canopy) 


throughfall percentage above 25 mm atmospheric prccipitation is practically 
Constant (75 80%). The throughfall average for thè vegetation period is 

75.9%. In thè leafless period, thè canopy Storage capacity value is smaller 
(0.85 mm). In this period thè throughfall percentage becomes Constant 
already above 10 mm precipitation and is between 80 87%. In thè leafless 

period thè average throughfall is 82%. 
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Table 2 


Distribution of rainfall ivithin thè foresi ecosystem 


Rainfall, 

Throughfall 

Stemflow 

Total on soil 

Intel ception 

mm 

mm % 

mm , % 

mm % 

mm | % 


498.7 


96.6 


595.3 


378.2 


78.4 


456.6 


Vegetative period (8. V.— 23. X.) 

I I I 1 

75.9 14.6 2.9 ' 392.8 78.8 


81.2 


Leafless period 


3.8 3.9 82.2 85.1 


Year (27. Febr.—4. Dee. 1974) 


76.8 18.4 


3.1 475.0 


79.9 


105.9 


14.4 


120.3 


21.2 


14.9 


20.1 


(b) Stemfloiv 


Expressed in a projection of thè canopy or thè whole forest surface, stem- 
flow amounts only to a small portion of thè precipitation arriving to thè soil. 
But if we consider that in reality thè stemflow courses down concentrated 
onto thè soil surface around thè stem, it is easy to realize its importance in 
increasing thè moisture content of thè soil, and through this, in thè water 
budget of thè forest. This role is emphasized among others by Voigt (1960), 
Reynolds Leyton (1963), and Eschner (1967), too. 

There are many authors who neglect thè examination of stemflow, 
partly owing to its insignificant quantity, and partly because of some dif- 
ficulties in measuring. The quantity of stemflow is very variable. We also 
obtained rather high CV values (20 70%) in thè course of our measurements, 

and they did not decrease below 20% even in thè case of heavy incident 
rainfall. 

This may be due to thè fact that thè branching form, and formation of 
thè bark, in thè trees marked is different, thè distance relation of their canopy 
to thè foliage of thè surrounding trees is different, and their stem diameter 
and so their bark surface is not entirely uniform either. In our case, these may 
become such substantial factors that can to a great extent influence thè 
quantity of stemflow. 

The canopy of thè 14 trees examined covers altogether 163 m 2 in thè 
area 9 Quercus petraea 100 m 2 , 5 Quercus cerris 63 m 2 . Thus, we examined thè 
quantity of thè stemflow of trees belonging to thè 163 m 2 canopy area. For thè 
purposes of a comparison between thè stemflow and throughfall, thè stem¬ 
flow for 2000 cm 2 or one hectare was also calculated. The linear regression 
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equation for stemflow was also calculated (Fig. 5). From thè regression curves 
it seems that more precipitation arrives to thè soil on thè stem of Turkey oak 
than on that of Quercus petraea. The cause of tliis may he found in thè differing 
branching in thè two species and in thè difference of bark construction. The 
bark of Quercus petraea is strongly squamosous, stratified, thus thè soaking 
value of thè bark is assumably high. On thè other hand, thè bark of Quercus 
cerris is hard, and water quickly runs down on it (see later). The quantity of 
stemflow is considerale mainly at heavy rainfalls, and in thè leafless period 
of thè forest (see Tables 1 and 2, where thè quantity of stemflow is expressed 
in mm, and in thè percentage of thè atmospheric precipitation). Since our 
measurements were carried out not after thè individuai rainfalls, thè concrete 
effect of thè duration, quantity and intensity of thè rainfall on thè quantity 
of stemflow is not known. 

By thè extrapolation of thè regression curves thè quantity of thè rainfall 
above which thè stemflow commences can he determined here too. 

Quercus petraea S = 0.037 P 0.203 r = 0.991*** 
threshold value: 5.5 mm 



Fig. 5. Linear regression of stemflow on gross precipitation. 1. Total stemflow S = 0.042P — 
—1.602, r — 0.905***; 2 .Quercus petraea S = 0.037P —40.632, r = 0.911***; 3. Quercus cerris 
S = 0.052P - 46.152, r = 0.891***; S =- stemflow; P = gross rainfall 
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Quercus cerris S = 0.052 P 0.230 r = 0.891*** 
threshold value: 4.4 mm 

Total stemflow S = 0.042 P — 0.208 r = 0.905*** 

threshold value (quantity of precipitation above whicli stemflow 
commences): 5.0 mm 

S — stemflow (mm): P = rainfall (mm); 

significance of thè correlation coefficient r*** P 0.1% 

It can be inferred therefore that in thè forest ecosystem exainined thè 
vegetation intercepts thè whole rainfall below 1.2 mm, and thus water does not 
arrive to thè soil. The rainfall between 1.2 and 5.0 mm reaches thè soil of thè 
forest only as tliroughfall. 

In Juniperus species Skau (1964) determines thè threshold value of 
stemflow to be 5 — 8 mm precipitation, while in Mediterranean oaks Los- 
SAINT—Ettehad Rapp (1973) record it to be 10 — 12 mm. Delfs (1967) de¬ 
termines it at 2 mm in beeches, in Delfs thè stemflow amounts as an average to 
some 15% of thè precipitation. Mayer (1971) measured 8% stemflow also in 
a beech stand. Ovington (1954) carried out investigations in Quercus petraea 
forests, and thè stemflow amounted to only 0.28% of thè precipitation. We 
consider this too low, for on thè basis of our own measurements, in thè case of 
about thè same quantity of yearly precipitation thè stemflow varies between 
0 5.5%: in thè vegetation period it is 2.9%, in thè leafless period 3.9, and in thè 

whole examinational period thè average is 3.1%. 


(c) Interception loss 

“Interception loss: thè part of thè precipitation retained by thè aerial 
part of thè vegetation, and is either absorbed by it or is returned to thè atmo- 
spliere by evaporation” Hamilton and Rowe (in Zinke, 1967). Inter- 
ception loss is therefore twofold. One side, thè so-called canopy Storage capacity 
has already been dealt with above; thè other is thè evaporation loss during thè 
rainfall, which always depends on thè actual conditions. On thè one liand, thè 
water retained in thè ecosystem cannot be considered as loss totally; thè water 
which has evaporated from thè surface of plants remains in thè atmosphere of 
thè forest, increasing its relative humidity content. On thè other hand, evap¬ 
oration is associated with heat extraction, this reduces thè temperature of thè 
forest, which indirectly entails an increase in thè relative humidity content of 
thè air. Stone (1957) indicates that moisture absorption on leaves has since 
long been known and calls this “negative transpiration”. In relation to thè 
soil-vegetation, thè absorbed water cannot be considered as a loss either* 
since it counteracts to a great extent thè loss in soil moisture content which 
would otherwise be caused by thè increased transpiration. 


11 
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The quantity of thè intercepted water, expressed in mm and also in thè 
percentage of thè incident rainfall in thè stand examined by us is shown 
according to samples, in Table 1, while its seasonal changes and yearly totals 
are given in Table 2. 

The results show that in thè case of small quantities of precipitation, 
interception can reaeh even 50 66%, while in greater rainfalls it varies 

between 16 and 30%, depending on thè quantity, thè duration and intensity 
of thè precipitation. The concrete determination of these factors forms part of 
our further examinations. 

The interception of thè rainfall by our forest was 20.1% of thè incident 
rainfall per annum. In thè vegetative period interception was 21.2% and 
during thè leafless period 14.9%.* 

In Quercus petraea forest, Ovington (1954) measured 34% interception 
in thè case of 840 mm annual rainfall, whereas Carlisle — Brown White 
(1965) report only 13.1% with a high average annual rainfall (1714 mm). 
According to several authors (Beall, 1934; Trimble Weitzmann, 1954; 
Delfs, 1967) interception does not decrease, or decrease only to a small extent, 
with defoliation. 

(d) Water-balance of thè ecosysterri** 

On thè basis of our measurements we can give for 1974 (from February 
27 to December 4) thè quantity of precipitation which reaches thè soil of thè 
forest from thè quantity falling on to a forest area of one hectare; thè way of 
rainwater and thè quantity of water intercepted by thè forest. All of these 
have been calculated in thè knowledge of canopy coverage. The forest examined 
is not entirely closed, foliage is of 80%, larger, canopy holes are frequent; 
where thè precipitation can reaeh thè forest soil surface almost directly 
(naturally through thè herb layer and litter). 

The measurement results are given in Fig. 6 where thè percentage dis- 
tribution of thè incident rainfall in a forest of one hectare is given, while above 
thè diagrams thè mm values corresponding to thè quantity of incident rain¬ 
falls. In accordance with thè canopy-closure (80 per cent) we considered 20 
per cent openings where thè whole amount of rain can reaeh thè forest soil at 
each time of sampling and we indicated thè distribution of only thè remaining 
80 per cent. 

* We consider thè 14.9% interception too high; it might he due to thè very small 
quantity of precipitation that fell in Aprii, a considerable portion of which was intercepted 
by thè forest. 

** The mm and percentage values given in Tables 1 and 2 have been calculated on 
thè basis of thè water collected from thè 2000 cm 2 area, from such surface of thè forest where 
thè canopy is entirely closed. When calculating thè water balance of thè stand, on thè other 
hand, we considered only 80% as in covered state in thè case of both throughfall and stein- 
flow. 
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In a yearly total, thè distribution of thè precipitation of 5.953 X IO 6 litre 
arriving at one hectare is as follows: 

Throughfall 3.641 X IO 6 litre (=61.2%) 

Stemflow 1.472 X IO 5 litre (=2.5%) 

Amount of thè rain is driven across thè openings on thè soil 
1.19 X IO 6 litre (= 20%) 

Intercepted water: 0.97 X IO 6 litre (= 16.3%) 


Summary 

In thè framework of thè MAB program in Hungary, we examined thè 
pathway of rainfall to thè soil and its distribution in 1974, for Quercetum 
petraeae-cerris ecosystem within thè “Sikfokut Project”. We established that 
thè foliage and shrub layers of thè ecosystem intercept 20.1% of thè rainfall 
in thè case of a 595.3 mm incident rainfall. In thè vegetative period thè inter- 
ception is 21.2%. Witli defoliation, interception decreases, when it is 14.9%. 

The amount of throughfall water in thè whole period of thè examination 
was on thè average 76.8%, in thè vegetative (leafy) period 75.9%, while in thè 
leafless period of thè forest 81.2%. The quantity of throughfall is influenced 
also by thè tree species. 

The canopy Storage capacity also depends on thè tree species, and on thè 
seasons as well. In thè vegetative period it is 1.45 mm, in thè leafless state it is 
0.85 mm. 

Stemflow on thè average is 2.9% in thè vegetation period, 3.9% in thè 
leafless period and 3.1% in thè whole year of examination. Stemflow com- 
menced only when rainfall was above 5 mm. 
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A STUDY OF FLOODING EFFECT 
ON MAIZE TRANSPIRATION 
AT TWO NUTRIENT LEYELS 

By 

S. SZLOVAK 

RESEARCH INSTITUTE FOR IRRIGATION, SZARVAS 
(Received December 6, 1974) 

The author examined thè effect of flooding on maize transpiration and found 
that thè excess water caused root decay and wilting which greatly decreased thè 
transpiration rate. Flooding had a much greater effect on thè decrease of transpira¬ 
tion rate in thè fertilized treatment than in thè unfertilized one. 

Introduction 

Water, depending on its amount effects thè transpiration of maize plants 
in soil in three ways: (1) Insufficient water limits (Szlovak, 1972; Szlovak, 
1973), (2) optimal water supply ensures normal transpiration. (3) Excess 
water, similarly to insufficient water though in an other way (by limiting thè 
normal metabolic activities) also influences for a short time thè transpiration 
rate negatively. Excess water exerts its harmful effect not directly, but in- 
directly, by bringing about anaerobic environment. That is why plants can 
develop well in aerated water cultures (Kramer, 1940; Chang and Loomis, 
1945). 

There is an essential difference among different plant species regarding 
thè minimum soil air at which they can thrive. According to Belak (Petraso- 
yits and Balogh 1969) thè minimum soil air requirement of thè maize plant 
is 24% of thè soil pore space. Knop (Andrejenko and Kuperman, 1961) 
reported that a maize plant respires 0.25 g carbon dioxide during 24 liours, 
corresponding to 0.18 g of 0 2 taken up by thè plant. 

Poor aeration causes carbon dioxide accumulation, oxygen deficiency 
and thè production of toxic substances. Hagan (1950) found that carbon 
dioxide reduces permeability of roots to water. By saturating with carbon 
dioxide thè soil or thè water in which sunflower and tornato plants were 
growing, Kramer (1940) observed a transpiration reduction of 34 to 52%. The 
experimental results of Fox (1933) indicate that carbon dioxide increased thè 
viscosity of thè protoplasm of Nitella , tlius increasing thè reduction of per¬ 
meability. Kramer (1949) explains thè harmful effect of oxigen deficiency on 
water absorption by thè reduction in rate of aerobic respiration and by accu¬ 
mulation of incompletely oxidized toxic products of anaerobic respiration. 
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Since permeability is closely related to metabolism this disturbance of normal 
metabolism may result in changes in permeability and finally in death of thè 
root cells. Inadequate aeration limits not only thè active water absorption, 
but according to thè results of Kramer and Jackson (1954) thè passive water 
movement through thè roots is also reduced. 

The flooding effect was studied in Hungary mainly in relation to plant 
surviving (Gruber and Szalóki, 1963; Szalóki, 1967) and yield reduction 
(Petrasovits, 1959). 

So far I have not met with any publication dealing with thè effect of 
flooding on maize transpiration at different nutrient levels, thus it seemed 
necessary to examine thè water relations of maize plant in this respect too. 
The main purpose of this paper is to give information about thè effectiveness 
of nutrients in altering maize transpiration under flooded conditions. 


Material and method 


On 30 Aprii. 1973, maize seeds were pianteci in pots in a growth-house. The plants 
were exposed to environmental factors nearly identical with those in thè field, namely thè 
culture pots containing thè plants were placed on carts running on a track and moved every 
morning into a space enclosed by a wJre net. For thè night and when it rained thè carts were 
pushed under a glass roof. 

In thè 20 X 25 cm white enainel painted pots for 4 kg absolute dry soil, air dry alluvial- 
meadow surface soil (Szarvas-Bikazug) was placed. The maximum waterholding capacity 
of thè soil was determined in laboratory and a value of 50.10% was obtained (expressed 
in weight % of absolute dry soil). The soil on which thè Mv-620 hybrid maize plants developed 
was filled to 70% of its maximum waterholding capacity at daily waterings. 

The effect of flooding upon transpiration was studied in fertilized and unfertilized 
treatments. The active ingredients of fertilizers per pot in thè fertilized treatment were as 
follows: N : 1.6 g (ammoniumnitrate), P 2 0 5 : 0.8 g (superphosphate), K 2 0: 0.8 g (Potash, 
KC1). The fertilizers were mixed thoroughly with soil and placed in thè pots. In thè un¬ 
fertilized treatment thè plants had to rely on thè nutrients present in thè soil. 

Five seeds were sow n per pot. After emergence thè plants were thinned to one in each pot. 

Up to thè flooding date (16 July) all plants developed at thè optimum soil moisture. 
During flooding there was a 6 cm thick water layer above thè pot soil. To eliminate water 
evaporation and water airing 5 min thick sunflower oil was layered on thè water. 

On thè 6-day examination thè transpiration values presented are thè average values 
calculated per hour of thè total transpiration between 7 a.m. and 7 p.m. On thè day follow- 
ing thè last daily transpiration measurements (26 July) thè plants were harvested for thè 
transpiration intensity calculations. Transpiration measurements were clone in 5 replicates. 

The plants were flooded at 4 p.m. on 16 July. On thè next day thè transpiration values 
presented were obtained by deviding thè total amount of transpiration between 7 a.m. and 
7 p.m. by twelve, thè hours of investigation. This means that during this time thè plants 
were flooded for a period between 12 and 24 hours. On all of thè six daytime investigations 
thè average of thè 12-hour transpiration was used in calculations. The cumulative trans¬ 
piration values represent thè total transpiration during thè whole, 24-hour, days of investiga¬ 
tion. For transpiration measurements of thè unflooded plants thè pot soil was covered by 
PVC film. Thus thè water loss of pots was due solely to thè transpiration by plants. 

The amount of transpired water was restored by daily waterings. 

The solar radiation data were obtained from thè Staiion of thè National Meteorological 
Institute situated at a distance of about 500 metres from thè grow th-house. 


Acta Botanica Academiae Scientiurum Hungaricae 21, 1975 


FLOODING EFFECT ON MAIZE TRANSPIRATION 


169 


Results 

In thè unflooded treatments both thè unfertilized and fertilized plants 
showed a decreased transpiration rate as thè days of investigation advanced 
(Table 1). This decrease is due to thè change of meteorological factors in- 
fluencing transpiration. Thus, while on 18 July thè value of one of thè most 
important meteorological factors, thè solar radiation was 630.50 cal. cm -2 * 
day -1 , on 25 July this value dropped to 480.80 cal cm -2 • day -1 . 

From Table 1 it can be seen that in thè unflooded treatment thè fertilized 
plants transpired more than thè unfertilized ones. This is expected, since thè 
plants supplied with nutrients were better developed than those receiving no 
fertilizers. If thè transpiration of unfertilized plants is examined in per cent of 
thè fertilized ones, in unflooded treatment, it can be seen that thè percentage 
difference is decreasing between 18 July and 25 July. This per cent decrease 
can be explained by thè faster growth rate of fertilized plants, making possible 
thè development of a larger transpiring leaf area. If thè transpiration rate of 
plants with different nutrient supplies is examined under flooded conditions, 
thè change in thè per cent transpiration ratio is opposite to that seen above. 
That is, while on thè second day of flooding thè per cent transpiration of thè 
unfertilized plants was 41.70 of thè fertilized plants, on thè eight day of 
flooding this ratio rose to 64.79%. This means that thè flooding decreased thè 
transpiration of thè fertilized, better developed plants to a greater degree than 
that of thè unfertilized, less developed plants. 

While on 18 July thè per cent transpiration ratios of both unfertilized 
and fertilized plants in thè flooded treatment related to thè unflooded treat¬ 
ment were similar (87.14 and 91.98%), on 25 July thè transpiration of unfer- 
tili zed plants sank to 25.09% and that of thè fertilized plants to 4.23%. The 
results show that thè transpiration rate of thè fertilized plants with more in¬ 
tensive life processes was more limited by thè unfavourable conditions resulting 
from flooding than thè transpiration rate of thè unfertilized, less intensively 
growing plants. 

Transpiration intensity data, calculated per unit dry matter, are pre- 
sented in Table 2. They are thè average values calculated per hour of thè 
daytime transpiration of plants being flooded for a period of between 204 and 
216 hours. The obtained data indicate that a transpiration rate calculated not 
only per a whole plant, but also per a unit dry matter is similar under dif- 
ferently aerated and fertilized treatments. 

According to thè dry weight of plants harvested on 26 July and shown 
in Table 3, thè difference between thè unflooded and flooded treatments of un¬ 
fertilized plants is quite small. The greatest difference is observed at thè roots. 
The lower root weight of thè flooded plants can be explained by root decay. 
In thè fertilized treatment, thè flooding caused a pronounced dry matter 
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Table 1 


Effect of flooding ori thè transpiration rate (g • hour~ l ) of unfertilized and fertilized maize plants in thè daytime hours 


Days in July 

Unflooded 

Flooded 

Transpiration of 
unfertilized plants in % 
of thè fertilized ones 

Transpiration of flooded 
plants in % 
of thè unflooded ones 

Duration 
of flooding 
in hours 

transpiration 

unfertilized 

fertilized 

unfertilized 

fertilized 

unflooded 

flooded 

unfertilized 1 

fertilized 

1_ 

17. 

26.00 


24.83 




95.50 


12— 24 


± 3.57 


± 1.52 







18. 

23.33 

53.00 

20.33 

48.75 

44.02 

41.70 

87.14 

91.98 

36— 48 


± 2.78 

± 2.11 

± 2.11 

± 11.64 






19. 

16.66 

47.92 

11.58 

24.33 

34.77 

47.60 

69.51 

50.77 

60— 72 


± 2.55 

± 2.89 

± 1.48 

± 4.71 






21. 

17.83 

51.50 

10.58 

4.83 

34.62 

45.65 

59.34 

9.38 

108—120 


± 3.66 

± 3.30 

± 2.03 

± 1.40 






23. 

9.83 

38.00 

3.92 

2.50 

25.87 

63.77 

39.88 

6.58 

156—168 


± 2.09 

± 5.30 

± 2.09 

± 1.02 






25. 

5.66 

21.75 

1.42 

0.92 

26.02 

64.79 

25.09 

4.23 

204—216 


± 1.18 

rb 2.86 

± 1.00 

db 0.75 
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Table 2 


Transpiration intensity (g • hour~ l ) of maize plants of different treatments 
in daytime hours calculated for 1 g dry matter 



Unfertilized 

Fertilized 


unflooded 

1 

flooded 

in % of unflooded 
treatment 

unflooded t 

flooded 

in % of unflooded 
treatment 

Whole plant 

0.186 

±0.030 

0.049 

±0.027 

26.34 

0.194 

±0.031 

0.010 

±0.005 

5.18 

Above-ground part 

0.242 

±0.041 

0.060 

±0.033 

24.79 

0.240 

±0.042 

0.011 

±0.007 

4.62 

Leaf biade 

0.545 

±0.094 

0.135 

±0.026 

24.77 

0.755 

±0.030 

0.032 

±0.007 

4.26 

Root 

0.817 

±0.122 

0.270 

±0.158 

33.05 

1.032 

±0.177 

0.074 

±0.038 

7.23 


decrease. While in thè unfertilized treatment thè root weight of flooded plants 
was 75.70% of thè unflooded ones, this ratio in thè fertilized treatment was 
only 59.51%. These values show that flooding causes a significant root decay. 
Since thè greatest resistance to water flow in plants is usually in thè roots, 
their partial destruction should promote a more intensive passive water 
movement through thè plants resulting in a higher transpiration rate. The ex- 
perimental results obtained do not support this assumption, very likely because 
thè root decay caused a wilting of thè aerial parts of thè plants. In this context 
thè experimental results of Went (1943) are of interest. He stated that well 
aerated roots supply some substance in addition to water and minerals whicli 
is essential for shoot growth. Kende (1965) found that roots synthesize kinetin 
or kinetinlike substances. 


Table 3 


Dry weight (g) of maize plants harvested on 26 July 



Unfertilized 

Fertilized 


unflooded 

flooded 

unflooded 

flooded 

Whole plant 

30.30 

±3.00 

28.79 

±2.62 

112.56 

±6.43 

91.33 

±3.67 

Above-ground part 

23.38 

±2.59 

23.55 

±2.50 

91.31 

±7.40 

78.97 

±6.69 

Leaf biade 

10.38 

±0.60 

10.51 

±1.32 

28.91 

±2.03 

28.09 

±1.65 

Root 

6.92 

±0.63 

5.24 

±0.60 

21.25 

±1.61 

12.36 

±4.76 
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The root decay caused a w ater content decrease in thè epigeous parts of 
thè plants, especially in thè leaves. Water content of thè leaf blades signifi- 
cantly determined thè transpiration intensity (Fig. 1). On thè day following thè 
last transpiration measurements (26 July) in thè unfertilized treatment, thè 
total water content of leaf blades of unflooded plants was 70.39% and of thè 
flooded ones 53.30%. In fertilized treatment thè difference was even greater. 
The total water content of leaf blades in thè unflooded treatment was 75.74%, 
but in thè flooded treatment only 36.09%. 

The water content of leaves and of thè whole plants played an important 
role in thè transpiration reaction to one of thè most important transpiration- 
affecting meteorological factors examined in this experiment, thè solar ra- 
diation. The closest correlation was calculated between thè solar radiation 
and thè sum of daily transpiration of fertilized and unflooded plants 
(Fig. 2). The weakest correlation was found between solar radiation and 
fertilized, flooded plants. These relationship results are in agreement wdth thè 
well known principle according to which if thè plants develop under favourable 
conditions their transpiration rate is better influenced by thè meteorological 
factors tlian as if they grow r under unfavourable conditions. 

The flooding effect on cumulative transpiration of unfertilized and 
fertilized plants is well illustrated in Fig. 3. Both fertilized and unfertilized 
plants transpired more in thè unflooded treatment than in thè flooded one. 
However, while during 8 days thè total transpiration of flooded plants in thè 
unfertilized treatment was 70.56% of thè unflooded ones, in thè fertilized 
treatment this percentage sank to 31.44. 



percentile water content calculated per unit weight of dry leaf blades 

Fig. 1. The relation between thè percentile water content of leaf blades and transpiration 
intensity. *** Significant on thè 0.1% level 
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cn 
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cal - cm " 2 • day " 1 


Fig. 2. The relation between solar radiation and inaize transpiration of different treatments. 
* Significant on thè 5% level; ** significant on thè 1% level; NS not significant 



Fig. 3. Comulative transpiration of unflooded and flooded maize plants at two nutrient 

levels 
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Summary 

A pot experiment was carried out in a growth-house to study thè effect 
of flooding on maize transpiration. By covering thè soil with water, anaerobio 
conditions were brought about in thè soil. As thè days progressed, thè flooded 
plants showed a decreased per cent transpiration related to that of unflooded 
ones. Tliis was thè result of root decay and wilting observed in flooded plants. 
Though thè flooded plants transpired less in both (unfertilized and fertilized) 
treatments, in thè unfertilized treatment thè flooded plants on 25 July trans¬ 
pired 25.09% of thè unflooded ones, while in thè fertilized treatment thè ratio 
was only 4.23%. That is, flooding showed a greater transpiration decrease in 
better developed fertilized maize plants than in thè less developed unfertilized 
ones. 
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The internodial phenometric investigation and growth analysis of anise sown 
in 14 days periods have yielded thè following results. Significant deviations in growth 
parameters and between thè parameters per internode may appear in thè same 
plant. Differences in productivity may be related with thè age of thè internodes, 
their locality, thè differences in physiological activity between thein as plant factors, 
and partly with thè effect of external environment. It has been demonstrated that 
certain architectural elements, e.g. side shoots during thè intense growth period, 
inay result in a negative RGR value, despite thè increasing LAR value. 

The species reacts independently of seeding time and thè developmental stage 
of thè individuai to thè increasingly unfavourable effect(s) of environmental factors. 
The influence of late sowing on thè vegetation period of anise and on thè individuai 
stages of its ontogenesis manifests itself in shortened life cycle. Under this influence 
first thè number of thè architectural elements, thè side umbels are reduced. Further 
grades are represented by thè shortening of thè distance between thè internodes of 
thè main shoot and thè subsequent reduction of their number. Accordingly, thè pro¬ 
ductivity of thè specimens and their crop yield (fructus) decreases to a significant 
degree. 

The difference in cultivation time between thè stocks sown at thè earliest and 
thè latest dates is 77 days (27.1%). The difference between crop yields is 87.4% and 
thè measured reduction of volatile oil content 29.6%. 


Introduction 

Growth as a biological problem at various levels and by various ap- 
proaches has been for a long time in thè foreground of interest among biologists 
and mathematicians. 

In thè physiological approach, thè aim became to clarify thè role of 
growth regulators (auxin, gibberellin, kinetin), and with respect to produc¬ 
tivity, to establish thè rate of growth. However, in all approaches thè complex 
interrelationship between development and growth must be considered. A part 
of thè applied mathematical methods makes possible thè determination of 
certain factors, e.g. thè rate of net assimilation, if only in an indirect way. This 
is a considerable advantage, because thè parallel and direct description of thè 
processes of plant assimilation and dissimilation stili remains problematical 
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owing to methodological inadequacies. The collection of necessary data and 
their mathematical description as well as their biological interpretation is 
especially difficult if growth and development occur in changing environments. 
In reality, one has to take into consideration this latter complex, naturai but 
representing an involved condition System, in practically every case both in 
naturai ecosystems and in field plant cultures. 

A partial summary in Hungarian of attempts 1964 to deelineate problem 
areas, conditions and models for a mathematical approach to plant growth 
had been given by O’svàth. 

Representatives of thè British school, F. F. Blackman (1919), V. H. 
Blackman (1968), Briggs-Kidd-West (1920), Gregory (1918) and its 
more recent followers (cf. Kyet Ondok — Necas Jarvis 1971, Clifford 
Evans, 1972), respectively, have worked out or employed methods which 
proved to be more successful in dealing with growth ratio. The metliod ap- 
proved by thè above cited authors is based on growth analysis and defines 
growth as thè accumulated dry weiglit which is produced by thè assimilating 
surface of a single plant or plant community during a given unit of time. 

A number of ecophysiologists claim that growth analysis is suitable also 
to determine net plant photosynthesis. In terms of photosynthesis, net pro¬ 
duction equals net assimilation (total assimilation minus respiration and thè 
dying plant parts) during a given time unit. 

According to Précsényi (1971), Kvèt—Ondok—Necas Jarvis (Le.), 
growth rate of thè biomass can, under well-defined conditions, be determined 
by this approach. Employing this method, Briggs West Kidd (l.c.), 
Blackmann Wilson (1951), Eagles (1969), Wilson—Cooper (1969), 
Clifford Evans (1972), Szujkó-Lacza Fekete (1974) etc. have established 
thè growth rate of some species. The criticism of growth analysis thè viewpoint 
of bioenergetics was given by Brody (1945); based on problems of sampling, 
Vernon Allison (1963), Kvèt Ondok-Necas Jarvis (l.c.) and Clif¬ 
ford Evans (l.c.) have made contributions. 

Several workers have investigated thè distribution or organic substances 
within thè plant, but these investigations generally attempted to establish 
shoot/root dry weight ratio without, however, bringing it into correlation with 
thè factor of time (cf. Brouver, 1962). 

The authors aim was in thè present paper to establish thè relative 
growth rate, RGR, thè net assimilation rate, NAR and thè change in thè leaf 
area ratio LAR, per internode e.i. also those of parts within thè total, in field- 
cultivated individuai specimens sown stepwise. Furthermore, they wished to 
investigate crop development as well as volatile oil yield under thè same con¬ 
ditions. At thè same time, observations extended to thè various developmental 
stages of tlie specimens, in order to establish thè degree of interrelationship 
between thè growth characteristics and stages in growth progress. 
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Material and method 


Seeds of P. anisum were sown on 26, March, 9, Aprii and 3 14, and 24 
May, 1973 mean-bound type sand soil. The size of thè plots amounted to 
16.00 m 2 . The seeds were sown at a row distance of 20 cm and sowing was 
repeated four times. The time of harvesting and thè phenophases of thè in¬ 
dividuai specimens seeded at various times are given in Table 1. 

From a given plot five samples were collected at each measuring period. 
The specimens were sliced internodally so that thè segment between two nodes 
(internode) had one leaf (thè first internode with leaves) and thè consecutive 
internodes one side shoot (in thè case of thè apical node eventually two), each 
segment constituting one measuring unit. The assimilating surface was 
measured by Medina—Lieth (1964) type optical planimeter. After desiccation 
at 80°C, dry weight was measured. At thè time of seed ripening 7, August, 
1973, thè crop of all plots was harvested. Crop yield per plot was measured 
after thè crop was threshed and cleaned. The content of volatile oil of thè 
fruits with respect to thè content of dry matter was established by thè 
Clevenger method. 

Analysis of thè volatile oil was carried out by JEOL JGC-810 type gas 
chromatograph, considering thè parameters cited below: 

Column dimensions: 0 3 min; 1.75 
Solid supporti 10% DEGS 

Stationary phase: Chromosorb W sii. 60/80 mesh. 

Column temp.: 100—200°C, Rate (minute: 8°C) min 
Detector temp.: 220°C Injection temp.: 210°C 
Detector: FID dual, Range: 1 mV 
Carrier gas: N 2 , Flow rate: 15 ml/min 
Chart speed: 5 mm/min. Anal time: 30 min 


Results and discussion 

According to thè phenological data recorded in 1973, which established 
thè developmental stages of thè plant, two leaves of thè rosette were stili 
present on P. anisum at thè initial period of measurement; on thè main axis 
thè umbel was in phenophase 31. 4. 2 (c.f. Szujkó-Lacza 1975 mscr), thè in- 
florescence axes of thè third order and their fructiferous primordia have 
already developed. On thè bicarpel thè petals had a greenish colour above 
their midvein, and whitish at thè marginals. The side umbels were sliglitly 
larger in size than thè main umbel. Based on data collected in 1974, 
this phase is of a significant importance with respect to thè assimilating 
surface. According to daily records made in 1974, thè assimilating surface 
will grow for an additional 10 days, a growth owing to thè developing side 
shoots. 
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Age 


Table 1 


Development stadia and phenophases of Pimpinella anisum in 1973 


00 


Reading and 
collecting date 


Stadia and phenophases 



days 

months 

21-23 

88 

21 

6 

21.4.2-23.2 

31.4.2—32.1; 

99 

2 

7 

21.4.2-23.2 

32.3.1—32.3.2; 

109 

11 

7 

21.4.2 — 23.2 

33.1.1—33.1.2; 

119 

21 

7 

21.6 —23.2 

33.1.3—33.1.2; 

129 

31 

7 

2.2 —23.2 

33.2.1; 

136 

7 

8 


33.2.2; 

79 

21 

6 

21.2.4—23.2 

32.1; 

90 

2 

7 

22.2 - 23.2 

32.3.1; 

100 

11 

7 

22.2 —23.2 

33.1.1—33.1.2; 

110 

21 

7 

22.5 —23.2 

33.1.2; 

120 

31 

7 

23.2 

33.1.3; 

127 

7 

8 


33.2.2; 

70 

21 

6 

21.2.4—23.2 

31.4.2 

81 

2 

7 

21.4.2—23.2 

32.1; 

91 

11 

7 

21.4.2—23.2 

32.3.1—32.3.3; 

101 

21 

7 

22.2 23.2 

33.1.1—32.3.3; 

111 

31 

7 

22.2 —23.2 

33.1.3—33.1.2; 

118 

7 

8 

22.2 —23.2 

33.1.3; 

49 

21 

6 

21.2.4—23.1 

(31.1) 

60 

2 

7 

21.2.4—23.2 

31.3.1; 

70 

11 

7 

21.2.4—23.2 

32.1; 

80 

21 

7 

21.2.4—23.2 

32.3.2—32.3.3; 

90 

31 

7 

22.4 —23.2 

32.3.2; 

97 

7 

8 

22.4 —23.2 

33.1.1; 

29 

21 

6 

21.2.3—21.3 


40 

2 

7 

21.2.4—22.5 


50 

11 

7 

' 21.2.4—23.1 

31.1 

60 

21 

7 

21.3.2—23.2 

31.2 

70 

31 

7 

21.4.2—23.2 

32.1 

77 

7 

8 

23.2 —23.2 

32.1 —32.2; 


31 36 

34.3.1— 34.3.2 

34.3.2— 35.1 

35.3.3— 35.2 

36.1.1— 36.1.2 (35.3.3) 

36.1.1— 36.1.3 

36.2.1— 36.2.2 

34.3 

34.3.1 

35.3.2— 35.3.3 
35.3.1—36.1 

36.1.2 

36.1.3 


34.4.1 

35.3.1 

35.3.3 

36.1.1— 36.1.2 

36.1.2— 36.1.3 

34.3 

34.3 

35.3.1—35.3.2 

35.3.3 
35.3.3 


35.1 

35.2 


41.2 

41.3 

41.3 

42.3 

43.1 

43.2 

41.1 

41.2—41.4 

42.1 

42.2 

43.1 

43.2 

41.1 

41.2 
41.2 

41.4 
43.1 
43.1 


41.1 

41.3—41.4 

42.1 
42.1 


41.3 

42.1 
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In 1973, thè LAR of thè internodes of thè individuai specimens has 
reached its maximum in 10 days (cf. Table 2). Based on observations made in 
1973 and 1974, identical phenophases will occur witliin very dose time limits. 

Table 2 indicates that thè maxima of LAR, RGR and NAR occured at 
thè same time, with thè exception of thè 6th and 7th internodes. During thè 
next measurement period, LAR decreased on these internodes, whereas RGR 
and NAR stili increased. Increase of RGR of these two internodes took place 
by NAR, as opposed to thè previous 10 day period when thè increase of RGR 
was possibly related to both (LAR and NAR). In thè fourth decade period, 
LAR decreased to one-half or nearly one-third owing to thè graduai witliering 
of leaves from thè base upwards wliich partly explains thè negative-signed 
RGR and NAR. The phenophases, thè LAR, RGR and NAR values indicate 
in concordance that thè reduction of tlie assimilating surface proceeds gradually 
from thè base toward thè apex (Tables 1 and 2). Depending on thè rate of 
abscising of stock and stem leaves, already of decreasing value, thè sign of thè 
two other growth characteristics turns negative successively. 

The effect of successive sowing can he evaluated by comparing thè data 
of Tables 2 and 3. Sowing was carried out at intervals of 14 days. Difference in 
plot treatment under thè same environmental conditions was registered by 
thè variations of age and development of thè plants. The three growth charac¬ 
teristics indicated that 9 Aprii was thè favourable seeding period (in contrast 
to crop yield). Within tlie same periods of investigation, thè decay of thè 
assimilating surface and with it thè decrease of LAR (Tables 1) 10 day period 
when thè increase of RGR was possibly related to both (LAR and NAR). In 
thè fourth decade period, LAR decreased to one-half or nearly one-third owing 
to thè graduai withering of leaves from thè base upwards which partly explains 
thè negative-signed RGR and NAR. The phenophases, thè LAR, RGR and 
NAR values indicate in concordance that thè reduction of thè assimilating 
surface proceeds gradually from thè base toward thè apex (Tables 1 and 2). 
Depending on thè rate of abscising of stock and stem leaves, already of de¬ 
creasing value, thè sign of thè two other growth characteristics turns negative 
successively. 

The effect of successive sowing can he evaluated by comparing thè data 
of Tables 2 and 3. Sowing was carried out at intervals of 14 days. Difference 
in plot treatment under thè same environmental conditions was registered by 
thè variations of age and development of thè plants. The three grow th charac¬ 
teristics indicated that 9 Aprii was thè favourable seeding period (in contrast 
to crop yield). Within thè same periods of investigation, thè decay of thè 
assimilsting surface and with it thè decrease of LAR (Tables 1 and 3) became 
generai only in thè fourth ten-day period and is perhaps connected with pian 
age. During thè third decade, this phenomenon can be detected only on thè 
two lowermost internodes and tlieir leaves. 
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Table 2 

Internodial RGR , LAR and NAR 
(Seeding time 


RGR 


Total 

Internodes 

.0480 

.0409 

.0191 

—.0150 

.0056 

55.48 

44.17 

1. 

.0247 

—.1018 

.0272 

—.0154 


68.43 

56.96 

2. 

.0806 

—.0451 

—.0054 

—.1019 


53.84 

45.68 

3. 

.0634 

.0146 

—.0131 

—.0305 


68.49 

51.98 

4. 

.0270 

.0189 

.0118 

—.0199 


49.37 

42.03 

5. 

.0560 

.0329 

.0187 

—.0309 


58.07 

45.53 

6. 

.0760 

.0622 

.0241 

—.0241 


51.89 

44.14 

7. 

.0415 

.0430 

.0219 

.0241 


48.21 

42.93 

8. 

.0789 

.0138 

.0597 

—.0180 


36.43 

32.52 

9. 

.0876 

.0342 

.0444 

—.0068 


62.73 

53.03 

Age, in days 

88 

99 

109 

129 

136 



Period 

1 

2 

3 

4 

5 

1 

2 


Table 3 

Internodial i?GJR, LAR and NAR 
(Seeding time: 


| 

RGR 


i 

Total 

Internodes 

1 

.0547 

.0643 

1 

.0167 

—.0032 

—.0088 

59.98 

45.04 

1 . 

—.0140 

.0742 

—.0480 

—.4748 


66.18 

30.45 

2. 

.0221 

.0460 

—.0172 

—.0375 


71.14 

55.87 

3. 

.0206 

—.0061 

.0000 

—.0288 


64.13 

60.42 

4. 

.0533 

.0375 

.0061 

—.0307 


56.85 

40.96 

5. 

.0607 

.0044 

.0578 

—.0158 


58.13 

58.76 

6. 

.0652 

.0847 

.0000 

.0169 


58.60 

45.94 

7. 

.0632 

.0610 

.0298 

—.0176 


54.67 

47.83 

8. 

.0611 

.0740 

—.0368 

.0972 


55.84 

40.95 

9. 

.0484 

.1596 

.0321 

—.0030 


62.17 

34.80 

10 . 

.0705 

.0606 

.0197 

.0273 


52.02 

39.00 

Age, in days 

90 

100 

110 

120 

127 



Period 

1 

2 

3 

4 

5 

1 

2 
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values of Pimpinella anisum L. 
3. 26. 1973) 


LAR 

NAR 

31.28 

24.05 

24.05 

.0870 

.0916 

.0608 

—.0636 

.0287 

20.32 

17.38 


.0360 

—.2009 

.1427 

—.0932 


28.89 

22.24 


.1460 

—.1015 

—.0194 

—.4390 


31.39 

22.89 


.0971 

.0292 

—.0419 

—.1487 


31.63 

21.97 


.0554 

.0451 

.0372 

—.1002 


30.80 

27.20 


.0996 

.0724 

0.0604 

—.1149 


34.11 

26.15 


.0728 

.1380. 

.0703 

—.0946 


33.74 

22.63 


.0859 

.0991 

.0648 

.1067 


29.57 

26.47 


.2032 

.0425 

.1982 

—.0682 


32.40 

21.05 


.1442 

.0639 

.1349 

—.0330 


3 

4 

5 

1 

2 

3 

4 

5 


values of Pimpinella anisum L. 
9. 4. 1973) 


LAR 

NAR 

34.20 

27.05 

27.05 

.0893 

1 

.1391 

.0487 

.0117 

—.0350 

20.00 

00.02 


—.0221 

.2331 

—.2516 

.0841 


34.15 

26.52 


.0317 

.0811 

—.0511 

—.1414 


45.50 

28.07 


.0320 

—.0100 

—.0142 

—.1043 


36.03 

33.25 


.0913 

.0904 

.0168 

—.0949 


44.66 

32.50 


.1013 

.0076 

.1205 

—.0493 


37.59 

31.16 


.1080 

.1795 

—.0054 

.0540 


35.06 

27.11 


.1145 

.1255 

.0847 

—.0650 


33.27 

25.28 


.1090 

.1739 

—.1109 

.3686 


26.94 

22.24 


.0757 

.4146 

.1181 

—.0134 


30.08 

20.58 


.1356 

.1509 

.0654 

.1335 


3 

4 

5 

1 

2 

3 

4 

5 
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Population sown on 4, Aprii. At thè beginning of thè investigation 
periodi, all stock and stem leaves of thè individuate were sound, thè main umbel 
was in phenophase 31. 4. 2., like thè plants sown at thè earliest date; however, 
thè side umhels were grossly retarded in their development. 

During thè first 10 days period between thè set of specimens seeded at 
various dates this group of plants have exhibited thè greatest LAR, RGR and 
NAR. However, in thè second period thè stock leaves have already abscised 
(Table 1), simultaneously witli a significant reduction in LAR, and on thè low 
and upper internodes ateo RGR and NAR showed a negative value. On thè 
other hand, thè side shoots and their umbels have developed during this 
period wliich might he responsible for thè negative sign of NAR. 

During thè third decade, RGR and NAR turned positive on practically 
all internodes. It follows tliat thè rate of net assimilation of thè fully developed 
side shoots compensated for thè loss of photosynthesis caused by thè loss of leaf 
surface wliich is represented by thè dead stem leaf. Bertalanffy (1941; 1951; 
1957, cf. O’svath, 1964) divided thè growtli differential intimemto two opposite 
thè anabolical and catabolical, processes taking place within thè organism. 

Considering thè phenological data of Table 1 and thè data associated 
with RGR and LAR in Table 4 as well as Bertalanffy’s observations (Le.) 
one may infer tliat within thè identical population, under changing external 
conditions and depending on thè developmental stage of thè individuate, thè 


Table 4 

Internodìal RGR , LAR and NAR 
(Seeding time: 



RGR 


Total 

.0795 

.0263 

.0168 

.0335 

.0009 

64.16 

46.21 

Internodes 








1. 

- .0336 

.0072 

—.0065 

.0470 


82.61 

50.90 

2. 

.0336 

—.0032 

.0074 

.0194 


73.08 

44.59 

3. 

.0375 

—.0072 

.0758 

—.0375 


67.15 

56.19 

4. 

.0446 

—.0248 

.0668 

.0228 


72.59 

55.29 

5. 

.1070 

—.1286 

.1729 

—.0016 


58.77 

53.26 

6. 

.1237 

.0225 

.0388 

—.0094 


60.05 

42.72 

7. 

.1099 

.0511 

.0191 

.0959 


71.19 

51.65 

7. 

.1564 

—.0053 

.0535 

.0357 


54.73 

49.88 

9. 

.2906 

—.1001 

—.0262 

—.0744 


30.33 

31.83 

Age, in days 

81 

91 

101 

111 

118 



Period 

1 

2 

3 

4 

5 

1 

2 
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ratio of thè anabolical and catabolical processes respectively varies within thè 
various plant part as well as in thè wliole plant. 

NAR proved to be a rather sensitive indicator of thè assimilation and 
dissimilatimi rate of thè several plant parts, s.c. of thè internodes. 

Table 5 gives thè data of plants which had only 4 internodes and no umbel 
primordium apparent on thè apex of thè shoot axis at thè beginning of measure- 
ments, namely 50 days after thè seeding date (cf. Table 1). Related to thè 
above, an acceleration in plant development could be observed during thè 
first days of thè investigation. During thè second decade of investigation thè 
plants had a completely developed foliage, thè inflorescence primordium was 
apparent and some of thè side shoots have even reached thè height of thè 
main umbel. At this time, LAR, RGR and NAR of thè 70 days old individuai 
specimens reached their maximum, witli thè exception of thè first and seventh 
internodes. Subsequently thè value of LAR decreased to a lesser rate tlian in 
plants of an earlier seeding time, and thè values of RGR and NAR remained 
positive until thè end of thè fourth decade, with thè exception of thè second 
and third internodes. Although reduction in LAR during thè fifth decade was 
sliglit, thè RGR and NAR values turned negative in case of five internodes out 
of eiglit. Phenology here indicates rather thè desorganization of thè already 
existing ones than thè growth of new organs. A comparison of thè data given 
in Tables 3, 4, 5 and 6, reveals that specimens sown earlier also had negative 


values of Pimpinella anisum L. 
14. 4. 1973) 


LAR 

NAR 

38.35 

27.59 

27.59 

.1177 

.0568 

.0438 

.1202 

—.0038. 

17.94 

8.87 


—.0409 

.0154 

—.0384 

.5232 


31.78 

18.90 


.0461 

—.0187 

.0234 

.1054 


37.19 

22.11 


.0546 

—.0127 

.1949 

-.1912 


40.54 

27.30 


.0607 

—.0447 

.1538 

.0832 


42.47 

29.24 


.1666 

—.2199 

.3614 

—.0056 


36.19 

39.70 


.1855 

.0527 

.1011 

—.0235 


42.06 

28.43 


.1424 

.0978 

.0453 

.3222 


35.94 

20.69 


.2500 

—.0106 

.1462 

.1706 


39.57 

39.59 


.7816 

—.2949 

—.0724 

—.1828 


3 

4 

5 

1 

2 

3 

4 

5 
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Tablc 5 

Internodial RGR , LAR and NAR 
(Seeding time: 



RGR 


Total 

.1086 

.0622 

.0584 

.0295 

—.0410 

92.73 

66.85 

Internodes 








1 . 

—.0368 

.0000 

.0201 

.0310 

.0411 

105.09 

59.67 

2. 

.0511 

.0203 

.0000 

.0405 

.0151 

103.38 

72.36 

3. 

.0588 

.0707 

—.0061 

.0560 

.0191 

102.57 

69.00 

4. 

.0539 

.0568 

.0140 

.0197 

—.0162 

91.79 

77.38 

5. 


.0713 

.0490 

.0121 

—.0128 


64.97 

6. 


.1018 

.0588 

.0054 

—.0781 


66.79 

7. 


—.0159 

.0480 

.0566 

—.0809 


68.43 

8. 


.0961 

.0388 

.0619 

.0106 


40.11 

Age, in days 

60 

70 

80 

90 

97 



Period 

1 

2 

3 

4 

5 

1 

2 


RGR and NAR values at this time. Witliin thè same period, a decrease in 
growth rate can be registered in all plots, a fact pointing to thè effect of an 
external complex of conditions which results in an identical reaction in thè 
plants of all plots regardless of thè phenophase or thè age of thè specimens. 

Table 6 

Internodial RGR , LAR and NAR 
(Seeding timer 


RGR 


Total 

.0223 

.0770 

.2944 

—.0379 

—.0990 

1262.22 

1275.33 

Internodes 








1. 

.0000 

.0000 

.2303 

1 

—.0981 

.0000 

701.25 

872.50 

2. 


.0451 

.2455 

—.0560 

.0319 


1550.00 

3. 



.2708 

—.0405 

.0319 



4. 



.2148 

—.0693 

.0000 



5. 



.2303 

.0000 

—.0319 



6. 



.2079 

.0981 




Age, in days 

40 

50 

60 

70 

77 



Period 

1 

2 

3 

4 

5 

1 

2 
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values of Pimpinella anisum L. 
3. 5. 1973) 


LAR 

NAR 

50.02 

43.17 

39.19 

.1115 

.0818 

.1147 

.0679 

—.1052 

30.00 

16.69 

15.66 

—.0372 

-.0019 

.0722 

.1887 

.2607 

42.58 

33.60 

26.63 

.0496 

.0260 

—.0019 

.1191 

.0565 

59.21 

45.00 

33.60 

.0561 

.0893 

—.0102 

.1212 

.0567 

60.09 

47.06 

45.28 

.0599 

.0647 

.0242 

.0417 

—.0358 

51.60 

47.61 

45.85 


.0966 

.0936 

.0255 

—.0279 

48.18 

42.32 

46.40 


.1319 

.1191 

.0128 

—.1658 

66.00 

51.93 

49.03 


—.0208 

.0720 

.1067 

.1627 

49.40 

43.90 

36.72 


.0598 

.0784 

.1388 

.0289 

3 

4 

5 

1 

2 

3 

4 

5 


According to Tables 1 and 5, specimens sown on 3 May have passed 
through a shorter time span in each developmental stage. 

In thè case of thè lower internodes, thè NAR value evidence only a slight 
increase in thè photosynthetic activity, or in some periods of its absence. 


values of Pimpinella anisum L. 
24. 5. 1973) 


LAR 

NAR 

128.60 

90.91 

105.90 

.0029 

.0053 

.1463 

—.0418 

—.0904 

96.14 

59.46 

139.00 

.0003 

.0002 

.0001 

—.1625 

.0001 

141.84 

93.27 

85.67 


.0028 

.1214 

—.0606 

.0371 

171.88 

109.60 

93.22 



.1044 

—.0375 

.0341 

140.11 

102.67 

139.67 



.1162 

—.0671 

—.0034 

187.64 

95.20 

122.22 



.0873 

—.0021 

—.0261 

110.00 

92.09 




.1494 

—.1034 


3 

4 

5 

1 

2 

3 

4 

5 
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which of course affects thè RGR value as well. The plants remained short 
although thè eiglit internode was developed. As a consequence of thè elongation 
inhibition, thè specimens reacted to late seeding with shortening and witli thè 
weak development of thè side umbels. The stepped sowing thus shortens 
growth season and some ontogenetic stages of thè plant. Results of late seeding 
resemble thè well-known phenomena common among thè short-statured, so- 
called nunatak plants which develop during thè brief vegetative season at 
high altitudes. 

The last sowing was done on 4 May. At thè beginning of ineasurements, 
even thè cotyledons were present and only thè first internode was developed. 
20 days later, thè second internode appeared and after an additional 10 days 
thè 59 day old specimen displayed its main umbel and some of thè side shoot 
primordia. The LAR value has surpassed thè twofold of populations sown 
earlier (Table 6), with thè accordingly high and positive values of RGR and 
NAR. In this case, thè RGR value was in closer relation to thè LAR value. 
During thè fourth decade, LAR of thè 69 days old plant showed a slight 
decrease and thè RGR and NAR values were negative. With respect to RGR 
thè uppermost internode is an exception. During thè fifth decade, LAR ex- 
hibited an increase due to thè side shoots, but NAR showed a negative value, 
or zero, or a very low positive value. 

It is characteristic to all plants of thè plot that they are extremely short 
and have, at thè most, 6 internodes. The reproductive organs are weakly 
developed with exception of those on main umbel. Tliose of thè side shoots 
proved to he infertile in various ways. 

Plants sown as tlie last reacted to thè unfavourable external environment 
by extensively short stature, but also by a decrease in thè number of internodes. 
It can be assumed that thè unfavourable external effect complex influenced 
thè reactions regulated by auxin and gibberellin through which botli body 
elongation of thè entire plant and thè full development of thè side shoots 
became indirectly and internally inhibited. 


Crop yield , volatile oil content and thè ratio of its components 

Our ineasurements indicate that sowing time significantly influenced thè 
crop yield of anise ( Pimpinella anisum , Table 7) as well. Sowing done at thè 
beginning of Aprii (4.09) have already resulted in a 39% drop in crop yield as 
compared to that of thè earliest sowing data (3.26) which, however, is not thè 
most acceptable date with respect to growth parameters. Late sowings (May) 
resulted in a low crop yield, owing partly to thè absence of some architectural 
elements (such as thè side shoot) and partly to thè infertility of flowers. 

According to Table 7, thè change in thè amount of volatile oil present in 
thè dry matter (Anisi fructus) is a function of seeding time. The volatile oil 


Acta Botanica Academiae Scientiarum Hungaricae 21, 197 


LAR, RGR AND NAR PARAMETERS IN PIMPINELLA ANISUM 


187 


Table 7 


Crop yield, volatile oil content and thè quality of thè volatile oil 
of Pimpinella anisum as a function of soiving date (1973, Soroksàr) 


Sowing date 

Crop yield 

Volatile oil 
' content in % 
of absolute 
dry matter 

Content of 
anethol in thè 
volatile oil, 

in % 

1 

kg/plot 

q/ha 

3.26 

1.66 

10.40 

2.84 

86.5 

4.09 

1.06 

6.64 

2.76 

89.2 

4.14 

0.73 

4.58 

2.56 

92.3 

5.03 

0.43 

2.66 

2.24 

90.1 

5.24 

0.21 

1.28 

2.00 

90.0 

SD 5°lo 

0.16 

1.00 

0.18 

— 


Table 8 

Main iveather factors covering thè period from spouting 
to seed ripening (1973, Soroksàr) 


Sowing date 

Precipitation 
in mni 

Total of abs. 
temperature in C 

1 

Number of hrs 
of sunshine 

3.26 

229.1 

1 

1958.9 

882 

4.09 

217.1 

1814.3 

809 

4.14 

191.1 

1671.4 

750 

5.03 

164.6 

1475.2 

640 

5.24 

i 

162.6 

1187.8 

1 

490 


eontent of stocks sown earlier was 30% higher than that of those sown by thè 
end of May. However, anethol which determines thè quality of thè volatile oil 
was of a higher grade in thè case of plants sown at a later date. With respect 
to crop yield and thè content of volatile oil, thè results of stepped sowing ex- 
periments done with Anethum in 1968 — 71 and with Coriandrum in 1971 73 

were in fair agreement with thè results of stepped sowing experiments carried 
out with anise. 


REFERENCES 

1. Bertalanffy, L. (1941): Probleme einer dynamischen Morphologie. (cit. in O’svàth 

1964). 

2. Bertalanffy, L. (1951): Theoretische Biologie. II. Aufl. (cit. in O’svàth 1964). 

3. Bertalanffy, L. (1957): Quantitative laws in metabolism and growth. (cit. in O’svàth 

1964). 

4. Blackman, Y. H. (1919): The compound interest law and plant growth. Ann. Bot. 33, 

353-360. 


Ada Botanica Academiae Scientiarum Hungaricae 21, 1975 












188 


SZUJKÓ-LACZA, J.-SZÓCS, Z. HORNOK, L. 


5. Blackman, G. E. (1968): The application of thè concepts of growth analysis to thè asses- 

ment of productivity. Functioning of terrestrial ecosystems at thè primary production 
level. 243 — 259. Copenhagen. 

6. Blackman, G. E. — Wilson, G. L. (1951): Physiological and ecological studies in thè 

analysis of plant environment. 7. An analysis of thè differential effects of light intensity 
on thè net assimilation rate, leaf area ratio, and relative growth rate of different 
species. Ann. Bot. n. s. 15, 373 — 408. 

7. Brody, S. (1945): Bioenergetics and growth. Ed. by Reinhold. New York. 

8. Brouwer, R. (1962): Distribution of dry matter in thè plant. Neth. J. Agric. Sci. 10, 

361-376. 

9. Clifford Evans, G. (1972): The quantitative analysis of plant growth. Studies in ecology. 

Blackwell Scientific Publications, Oxford — London —Edinburgh — Melbourne. 

10. Eagles, C. F. (1969): Time changes of selective growth-rate in two naturai populations 

of Dactylis glomerate L., Ann. Bot. n. s. 33, 937 — 946. 

11. Hornok, L. (1972): Influence of sowing time on thè crop yield and volatile oil content 

of anethum. Kert. Egy. Kòzl. 36, 177 — 181. 

12. Hornok, L. (1974): Influence of sowing time on thè crop yield and volatile oil content 

of coriander. (Congressus Pharmaceuticus Hungaricus VI., report.) 

13. Kvèt, J. — Ondok, J. 1\ — Necas, J. — Jarvis, P. G. (1971): Methods of growth analysis. 

In: Plant photosynthetic production manual of methods. Ed. by §estak, Z. — Castky, 
J. — Jarvis, P. G., Junk N. N. Pubi. Hague 343 — 384. 

14. Medina, E. — Lieth, H. (1964): Die Beziehungen zwischen Chlorophyllgehalt, assimilie- 

renden Flàche und Trockensuhstanzproduktion in einigen Pflanzengemeinschaften. 
Beitr. Biol. Pflanzen. 40, 451 — 495. 

15. O’svàth, J. (1964): Determination of plant growth by mathematics. MTA Agr. Oszt. 

Kòzl. 23, 113 — 134. 

16. Précsényi, I. (1971): Relationship among thè dry matter production of naturai com- 

inunities and weather elements. Acta Univ. Szegedensis 10, 69 — 75. 

17. Szujkó-Lacza, J. — Fekete, G. (1973): Synphenological changes in thè vegetation of a 

Submediterranean oak forest (Orno-Quercetum). Ann. Hist. nat. Mus. Nat. Hung. 65, 
127-146. 

18. Szujkó-Lacza, J. (1975): Development stages and phenophases in thè ontogenesis of 

Pimpinella anisum (mscr). 

19. Szujkó-Lacza, J. — Fekete, G. (1974): Exainination of development and growth of 

Brachypodium silvaticum and Euphorbia cyparissias in oakwoods. Acta Bot. Acad. 
Sci. Hung. 20, 147-158. 

20. Vernon, A. J. — Allison, J. C. S. (1963): A method of calculating net-assimilation rate. 

Nature 200, 23. 

21. Wilson, D. — Cooper, J. P. (1969): Assimilation rate and growth of Lolium populations 

in thè glasshouses in constanting light intensities. Ann. Bot. n. s. 33, 951 — 965. 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 


Ada Botanica Academiae Scientiarum Hungaricae , Tomus 21 (l—2) % pp. 189 — 205 (1975) 


THE STUDY OF THE LOCALIZATION 
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OF SALVIA SCLAREA L. 

AND SALVIA OFFICINALIS L. 
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Using 2 I4 C Na-acetate and inactive histochemical methods in comparison, thè 
biosynthesis and localization of volatile oils, biochemically already verified by thè 
authors (1974), were studied. It was established that thè localization conditions, and 
therefore functions, of thè glandular and covering trichomes of various types are 
different. 


Introduction 

One of thè perspective fields of applying radioactive precursors is thè 
investigation of thè localization and distribution of thè substances in plant 
tissues. Medicai diagnostics uses this method extensively, while in botany it 
has been only a sporadically applied method so far. Recently, thè examinations 
by one of thè authors (Verzar-Petri, 1971) concernedthe distribution accord- 
ing to tissue areas of alkaloids forming in thè secondary metabolic turnover 
for example in Nicotiana , Vinca minor , Datura innoxia , Valeriana officinalis. 
Until now only inactive histochemical methods were available (Tunmann — 
Rosenthaler, 1931; SÀrkany et al., 1966 etc.,) besides electronmicroscopical 
studies (Amelunxen, 1965), therefore, we proposed to study witli liistoauto- 
radiographical methods thè localization of volatile oil in thè two Salvia species. 
Although thè 2 14 C Na-acetate precursors are not specific ones, since they are 
thè precursors of several types of compound (volatile oils, steroids, carotidoids) 
as well as of fatty acid inetabolism, it is a verified fact (Luckner, 1969; Vag- 
ujfalvi and Tyihak, 1963) that thè acetyl-residue from thè acetyl CoA bio- 
synthesizes thè mono- and sesquiterpenes through mevalonic acid. 


Material and method 

Two characteristically volatile-oileferous plants were chosen for thè 
examinations: Salvia sclarea L., thè muscatel sage, belonging to thè Labiatae 
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family, and Salvia officinalis L., thè garden sage, for thè comparative analyses. 
Both plants are important also industrially. Salvia sclarea is an important raw 
material of parfume industry, while Salvia officinalis in pharmaceutical field. 

By using thè radioactive precursors, we expected an answer to method- 
ological questions, and also to thè extent of localization taking place in thè 
trichomes during investigations. We also wanted to evaluate thè differences 
arising during thè infiltration within thè species and between thè two species. 
Salvia sclarea L. and Salvia officinalis L. were collected from thè University 
Botanical Gardens, Budapest. 

A solution of 4.25 X IO 3 concentration was prepared from 2 14 C Sodium- 
acetate of 0.5 mCi (4.816 mCi/mMol) activity; 25 mi of this solution was used 
for thè incubation of young shoots. Incubation time was 7 days = 168 hours. 
After treatment, contact histoautoradiograms were taken of leaves. The X-ray 
plates were developed for 14 days. During exposure, they were kept at +4°C, 
excluded from light. After development, thè photographs were taken from 
these X-ray films. 


Results of investigation 

A) The trichomes of Salvia species 

Concerning Salvia officinalis , detailcd data are available in Karstein’s 
pharmacognostical handhook on thè structure of Labiatae-type hairs (glandolar 
hair with a big head) and of glandular hairs with a small head in various 
species. 

Concerning covering trichomes, thè data refer only to one type, viz. to a 
glandular hair with 5-celled lieads, mentioned as covering trichome developed 
without plasm. Siinilar data are found in thè Sixth Hungarian Pharmacopea 
and also in thè textbook by IIalmai— NovÀk’s Pharmacognosy (1963). 

In thè course of investigations, we found thè above-mentioned types of 
glandular hairs in various distribution on thè foliage leaf, to be discusscd 
later. Concerning covering trichomes, thè descriptions can be extended to two 
types. Accordingly thè trichomes of Salvia officinalis are as follows: 

Glandular hairs with small heads, with monocellular stem and mono- 
cellular head, thè same with 2 4-celled heads. Typical Labiatae glandular 
hair with 8-celled head. 

The covering trichomes are of tliree types: monocellular papillae with 
plasm content in all cases; monocellular, long, winding, laniform trichomes; 
and 5-celled rigid, setiform covering trichomes. These may attain a length of 
450 (i. (The Pharmacopea refers to this as a specific feature.) 

The so-called small-headed glandular hairs appear in great number on 
thè abaxial surface of thè leaf, along thè veins. On thè adaxial surface of thè 
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leaf they occur mainly in thè intervenae spaces. The location of thè covering 
trichomes is similar. Papillae can be observed intervenially on thè adaxial 
surface of thè leaf, and on thè abaxial sui face along thè veins. Salvia sclarea is 
of a similar tissue construction. It is only thè small-headed glandolar hair with 
a neck celi that deviates by forming merely one stem celi. On thè inflorescence 
axis tliere are nearly exclusively glandolar hairs with an elongated basai celi, 
a monocellular neck and head. 

The types of thè covering hair are considerably richer than in Salvia 
officinalis. In a great majority of thè cases, thè hair type consists of 3 4 cells, 

with a large basai celi, and acute tip, but tliere are also stout monocellular 
papillae, and bicellular, acute or obtuse tricomes. Very characteristic is thè 
tricellular covering trichome, situated on two protuberant emergentia cells. 
The latter breaks off very easily and therefore used to observe. 

As regards thè substance content of trichomes, our histochemical ex- 
aminations provide further details. 

First, however, thè performance of thè tested reagents of different types 
should be discusse d. 

It can be stated that some of thè reagents developing volatile oil used in 
paper-and thin- layer chromatography furnish negative results in thè course of 
histochemical examiriations, e.g. thè EP reagent and SbCl 3 . The negative 
behaviour of thè EP reagent is probably due to thè fact that it gives no colour 
reaction with terpenes other than azulene, and thè latter is not found in 
Salvias. The tested KMn0 4 and FeCl 3 reagents appear in characteristic 
colours but not specifically in thè tissues, wliile thè cc. H 2 S0 4 -vanilline pro- 
vides a specific colour reaction with (Labiatea- type) hairs containing volatile- 
oil. After a certain time it dissolves thè tissue, but in combination with in- 
filtration it can be used satisfactorily. 

Several histochemical dyes were tried wliich all produced a colour 
reaction (Tables 1 and 2). 

Osmium acid gives an intense black colour reaction. 

Nile-blue dyed bright blue or greenish blue thè large glandular hairs 
with volatile oil content. 

It is worthy of attention that it dyed thè papillae and thè other covering 
trichomes as well, with special regard to thè second or thè so-called basai celi 
counted from thè apical cells of thè long covering trichomes. Toluene blue 
and its variety combined with KJ 3 behaved similarly. The volatile oil drops 
observed by Szentpéteri (in Sarkany et al., 1966) were not found in our 
examinations. Both dyes being plasm dyes coloured also thè nucleus to a 
darker shade, which verifies thè plasm content of thè covering trichomes. The 
heterocliromatic and specific behaviour of Rosanilin must also be emphasized. 

The Labiatae -type glandular hairs belong in thè group of large-headed 
glandular hairs. Two of its type could be observed on thè plant examined. 
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Colour reactions of trichornes with thin layer chromatographic reagents 


Type of hair 

Reagents 

R-SbCl 3 

R-KMnOg 

r-kj 3 

cc. H 2 S0 4 -vanillin 

R-FeCl 3 

Salvia officinalis 






Covering trichome 

Basai celi yellow 

Brown 

Basai celi yellow 

Negative 

Negative 

Glandular hair with rnonocellular 
head 

Negative 

Darkbrown 

Yellowish-brown 

Negative 

Negative 

Glandular hair with bicellular head 

Negative 

Darkbrown 

Yellowish-brown 

Cyclamen 

Negative 

Labiatae 






Glandular hair with large head 

Negative 

Brown 

Brownish-yellow 

Orange-red 

cyclamen 

Greenish-gray or 
colourless 

Salvia sclarea 






Covering trichome 

Negative 

Brown 

Basai celi apical 
celi yellow 

Negative 

Negative 

Glandular hair with rnonocellular 
head 

Negative 

Lightbrown 

Y elio wish-bro wn 

Negative 

Gray 

Glandular hair with bicellular head 

Negative 

Lightbrown 

Yellowish-brown 

Yellow 

Gray 

Labiatae 






Glandular hair 

Negative 

Darkbrown 

Negative 

Cyclamen violet 

Gray 


verzAr-petri, g. then, 
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Table 2 


Colour reactions of thè trichomes with volatile oil dyes 





Dyes 



Ilair type 

Toluene blue 

Toluene blue 

KJ • JL 

Rosanilin 

Sudane III 

1 

Nile blue 

Osmium acid 

Salvia officinalis 







Covering trichome 

Glandular hair with monocellular 

Blue 

Bluish-green 

Negative or 
pink 

Apical celi red 

! 

Greenish 

Negative black 
grains 

head 

Blue 

Yellowish- 

brown 

Red 

Red 

Green 

Gray 

Glandular hair with bicellular head 

Light 

Yellowish- 

brown 

Pink 

Negative 

Blue 

Black 

Labiatae 







Glandular hair with large head 

Negative or 
gray 

Yellow 

One part yel¬ 
low, another 
part red 

Yellowish 

One part yel¬ 
low, another 
part red 

Gray 

Salvia sclarea 







Covering trichome 

Blue 

Yellow 

Pink or 
negative 

Negative 

Greenish-blue 

Negative 

Glandular hair with monocellular 







head 

Blue 

Darkblue 

Red 

Red 

Greenish-blue 

Negative or 
black grains 

Glandular hair with bicellular head 

Labiatae 

Blue 

Darkblue 

Pink 

Negative 

Blue 

Black 

Glandular hair with large head 

Blue 

Darkblue 

Red 

Red 

Greenish-blue 

Grey 
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coloured also differently by dyes. In one type thè head celi is apparently solid: 
presumably other substances are also present, or thè oil turned resinous, while 
in thè other type thè division into 8 lieads and thè homogeneons staining is 
conspicuous. Assumably it contains thè volatile oil in a clearer state. Rosaniline 
produces a yellow reaction in Salvia officinali s, while a briglit red in Salvia 
sclarea. This permits thè inference that thè volatile oil composition of thè large- 
headed glandolar hair is different in thè two species. Characteristically, in thè 
small-headed glandolar hairs and in thè 5-celled covering trichomes thè neck- 
cell below thè apical or head celi stains also a briglit red, indicating that they 
also secrete volatile oil. 

The head cells of thè long-stemmed glandolar hairs occorring on thè in- 
florescence axis of Salvia sclarea staio strongly witli all reagents. The differences 
concerning thè volatile oil components of thè divers trichomes imply that 
various volatile oil components accumulate in tlien, indeed in certain cases 
even other suhstances may be secreted. For example, tannic acids, staining to 
a greenish colour witli FeCl 3 may appear also in thè Labiatae glandular hairs. 
Intense resinification could be observed in Salvia sclarea witli alcoholic tests 
or witli thè vapour of cc. HC1. In thè same species, fatty oil also accumulates 
beside thè volatile oil in glandolar hairs witli a monocellolar head; it strongly 
stains witli Sudane III after evaporatimi of thè volatile oil. 

It is only witli glandolar hairs witli a bicellolar small head that thè 
volatile oil can be observed in a pure state, on a variety of thè Labiatae- type 
glandolar hairs occoring on yoong leaves. 

The volatile oil content of neck cells in thè peduncolate glandolar hairs 
was therefore verified. (The neck celi stains homogeneously witli thè head celi.) 
Secretimi can he detected in thè basai cells of thè covering trichomes and also 
in thè apical and subapical cells, wliicli collapse easily; this observation is in 
contrast witli data poblished in thè literature so far. 

Examinations witli thè histochemical reagents testified merely that tlie 
location of volatile oils in thè developed shoots and flowers of Salvia sclarea 
is indeed in thè glandolar hairs. 

No indication has been found in thè literature whether thè covering 
trichomes can, under certain conditions, take over thè role of glandular hairs, 
especially witli reference to localization. In thè coorse of our investigations we 
found that thè covering trichome invariably contained plasm, and wlien 
certain dyes, for example, Rosanilin, Nile blue were applied, thè colour reaction 
was identical witli that of thè glandular hairs. The histoautoradiogram, taken 
witli radioactive isotope, only corroborated thè inference that thè plasm of 
thè covering trichome can take also thè role of thè plasm of thè glandolar 
hair. Further, it could also be observed that secretion takes place not definite- 
ly in thè epidermal growths but that thè subepidermal celi layers transfer 
thè already secreted volatile oil into thè glandular hairs where it localizes. 
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The secretion in tliat site “thè pressing below thè cuticle”, in thè process 
which was electron-microscopically observed in Mentila piperita by thè German 
researcher Amelunxen. 

B) The results of histoautoradiography 

The two representatives of thè genus Salvia are characteristic types of 
plants containing volatile oil; in them, thè production of sescpii- and mono* 
terpenes, characteristic of thè family, takes an important place. Tliis process 
is enacted vigorously in our two plants selected for study. Subsequent to thè 
chemical and histochemical (inactive histochemical) examinations (VerzÀr- 
Petri Then, 1969; 1970; Verzar-Petri and Then, 1974), thè thin layer 
chromatograms and histoautoradiograms, taken with radioactive isotopes 
have unequivocally answered thè initial question: thè metliod is suitable for 
thè investigation of thè tissue distribution of thè chosen precursor. The 7-day 
incubation period proved to be satisfactory for thè infiltration of thè isotope 
into thè mechanism of thè terpene biosynthesis. 

The results of our histochemical investigations made on inactive material 
were unambiguously confirmed by thè results obtained after thè applicatoli 
of thè isotope. It was established tliat thè isotope infiltrates thè cells of thè 
epidermis, further, tliat thè trichomes become radioactive and that their 
intensity differs from that of thè plasm. 

The extent of blackening allowed even a semi-quantitative evaluation. 
After an incubation of 168 hours, it could be observed in all cases that some 
radioactivity appears in thè boundary between thè celi wall and thè plasm in 
thè head cells of thè small-headed glandolar hairs, in botli species (Figs la 
and lb). 

The glandular hairs mentioned above occur in great nuinbcr along thè 
veins and intervenally on thè abaxial surface of thè leaf. 

Tliis trichome type (Fig. 2) was in all cases stained by thè histochemical 
reagents tested by us so far, but thè colour reaction was not specific either 
within species, or between two species, and in thè course of their reactions with 
R-FeCl 3 , or osmium acid differences in colour cari be observed. Tlius, no 
characteristic volatile oil components are found liere, but tliere is a great 
probability that, beside terpene acid and fatty oil, other substances of an 
oxydizing or acidic character appear. The volatile oil components emerge only 
at a later stage of biosynthesis. Accordingly, activity also is of a lesser 
rate. 

On thè basis of literature data and of our own examinations, it cari be 
said that Salvia sclarea synthesizes a considerable amount of terpene acid. 
Therefore its trichomes also present a greater accurnulation of activity then 
thè glandular hairs of thè same type in Salvia officinalis . 


13* 
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Glandular hairs with two- and four-celled heads (Figs 3 and 4) display 
when treated with 1% solution of cc. H 2 S0 4 vanillin, a characteristic colour 
difference. Since thè reagent is definitely an oil reagent, thè tissue reaction 
obtained here implied that this type of glandular hairs contains thè volatile 
oil in a pure state. The colour difference observed between thè two species, 
cyclamen and yellow, is a difference in concentration and component at thè 
same time. The latter is a characteristic and typical difference between thè 
two species (Guenther, 1952; Luckner, 1967). 



Fig. la. [Iistoautoradiogram of Salvia ofjicinalis L. M t = small-headed glandular hair; 
M 2 — Labiatae -type glandular hair; F = covering trichome 



Fig. lb. liistoautoradiogram of Salvia sclarea (section of an intervenal area) 
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Our histoautoradiographical results show tliat in thè case of Salvia 
sclarea (Figs 5a, 5b, 5c) radioactivity is very strong, while in Salvia officinalis 
empty (Fig. 6) and cliarged (tliat is strongly active) (Fig. 7) glandular liairs 
can both he found. Between thè glandular liairs with 4 celled head and thè 
Labiatae -type glandular liairs a functional difference can he assuined, con- 
firmed by our radioactive isotope experiments. 



Fig. 2. Glandular hair with monocellular head after FeCl 3 -reaction (stained gray) on thè 

foliage leaf of Salvia sclarea L. 



Fig. 3. Glandular hair with four-celled head of Salvia officinalis L., treated with osmium 

acid 
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Fig. 4. Glandular hair with bicellular head of Salvia sclarea L., in thè untreated state 

1—I 


Fig. 5a. Section of epidermis in Salvia sclarea L. M, glandular hair with four-celled head 



Fig . 56. Section of epidermis in Salvia sclarea L. M 2 — Labiatae-type glandular hair 
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Fig. 7. Strong radioactivity detected in thè glandular hair with four-celled head 
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The Labiatae -type large-headed glandular hairs (Fig. 8) reacted different- 
ly to histochemical reagents (to treatments with Sudan III (Fig. 9a, 9b), 
KMn0 4 (Fig. 10), Rosanilin-R (Figs 11 and 12), cc. H 2 S0 4 vanillin (Fig. 13)). 
The difference is observable also between species. Isotope techniques confirm 
also this difference (Figs 14a, 14b). 

Long-stemmed glandular hairs occur abundantly only in Salvia sclarea 
(Fig. 15). Histochemical reagents stained thè head and neck cells of thè 




Fig. 9a. Salvia sclarea L. glandular hair (large-headed glandular hair with a long stem) 

stained with Sudan III 
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glandular hair in identical colours, for example, red-brown with Rosaniline 
(Fig. 9a); 2 14 C-Natriumacetate is also strongly localized in thè neck and head 
cells where according to techniques evidence also transport processes 
occur. 

Another type of trichomes is thè covering trichome (Figs 16, 17), thè 
plasm of which also displays activity, testfying on transport processes and 
special localization. Accordingly, also thè covering trichomes secrete. 



Fig. 9b. Types of glandular liair, characteristic of Salvia officinalis 



Fig. 10. Salvia officionalis. Labiatae-type glandular hair stained with KMn0 4 
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Fig. 11. Large-headed glandular hair, stained with Rosanilin 
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Fig. 13. Labiatae-type glandular hair treated vvith 1% cc. H 2 S0 4 


Fig. 14a. Radioactive Labiatae- type glandular hair after thè absorption of 2 ,J C-Na-acetate. 

in Salvia officinalis 


Fig. 14b. Inactive Labiatae- type glandular hair after thè absorption of 2 14 C Na-acetatc, 
in Salvia officinalis; beside it, a radioactive sinall headed glandular hair 
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Fig. 15. Section of Salvia sclarea leaf after a treatment with isotope; M, long-stemmed 
glandular hair; M 2 =- Labiatae- type glandular hair; M a glandular hair with two-celled 

head; F covering trichome 



Fig. 16. Epidermal section of Salvia sclarea with stiff covering trichomes and various 

glandular hairs 



Fig. 17. Characteristic, laniform trichomes in Salvia officinalis , after a 168-hour incubatimi 

with 2 l4 C Na-acetate 
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Summary 

Subsequent to thè absorption of a radioactive precursor, 2 14 C-natrium- 
acetate, thè process of terpene formation and loealization was investigated in 
thè foliage leaf of two characteristic plants containing volatile oil, viz. Salvia 
sclarea and Salvia officinalis. On thè basis of contact histoautoradiograms it 
could be established with thè isotope infiltrates thè terpene spectrum and 
stands out in thè trichomes. In both species, thè glandular liairs with two- 
celled head and tliose with four-celled head contain purer volatile oil than 
does thè glandular liair with a monocellular head. Strong radioactivity is 
characteristic of thè Labiatae -type glandular liairs with a large head. At thè 
sanie time a functional difference is also observable among thè glandular liairs 
of this type. 
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UNREGELMÀSSIGE SPALTÒFFNUNGEN 
DER BLATTEPIDERMIS VON MAIS (ZEA MAYS L.) 

Von 

E. S. Wolcsànszky G. Turcsanyi 

AGRARWISSENSCHAFTLICIIE UNIVERSITÀ!', LEHRSTUHL FÙR ROTANIK UND PFLANZENPIIYSIOLOGIE 

(Eingegangen am 21. Aprii 1975) 


In der Blattepidermis von bestrahlten Maispflanzen der Sorte »Fehér mazsola« 
sowie ini epidermalen Gewebe von bestrahlten und von Kontrollindividuen der durch In- 
zucht erhaltenen Linie »WF 9« wurden verschiedene Stomadeformationen untersucht. 
Bei der Sorte »Fehér mazsola« wurden Stomaverànderungen nur an den mit Dosen 
von 3000 und 5000 R bestrahlten Pflanzen gefunden. Ihre Zahl und die Vielfalt der 
Stomaverforinungen erreichte die der Individuen der durch Inzucht erhaltenen 
Linie »WF 9« niclit. Die deformierten Gebilde sind zunàclist an den oberen Blattern 
entstanden; sie stehen mit anderen inneren (histologischen) oder àusseren morpholo- 
gischen Deformationen in keinem Zusammenhang. Die Mehrzahl dieser Yerformun- 
gen wurde bei anderen Pflanzengruppen bereits friiher beschrieben, in der von uns 
untersuchten Literatur finden sich jedoch keine Angaben iiber die Familie Gramineae. 

In der Blattepidermis durch Inzucht erhaltener und bestrahlter Mais¬ 
pflanzen wurden von uns verschiedene Spaltòffnungsabnormitàten gelun- 
den. Ahnliche Verformungen wurden friiher schon bei anderen Pflanzen¬ 
gruppen beschrieben, in der von uns untersuchten Literatur finden sich jedoch 
keine Publikationen iiber ahnliche Beobachtungen bei der Familie »Graminae» 
(Poaceae). Da die auf verschiedene Ursachen zuriickzufiihrenden unter- 
schiedlichen Yerànderungen in der Literatur unter dem Sammelbegriff 
»Stomaabnormitàt« dargestellt werden, muss vorweg ein Unterscliied zwi- 
schen Degeneration und Deformation geinacht werden. Zum ersteren wer¬ 
den alle jene Erscheinungen gerechnet, bei denen die normal entwickelten 
Spaltòffnungen unter der Einwirkung àusserer Umstànde (Gupta et al., 1968; 
Rehfous, 1920) oder aus genetischen Grùnden (Maynard et al., 1974) ver- 
kiimmern. Maynard et al. (1974) berichten von einem Extremfall, bei dem 
die Degeneration der Schliesszellen der entwickelten Spaltòffnungen zum vòl- 
ligen Absterben der jungen Pflanzen gefiihrt hat. 

Die von uns untersuchten Stomaverànderungen geliòren zur Gruppe der 
Deformationen. So werden alle Erscheinungen bezeichnet, die durch abnormale 
Differenzierung der Spaltòffnungen entstehen. Die gehemmte Funktion der 
Meristemoide kann zum Beispiel das Fehlen einer der Schliess- oder der Neben- 
zellen zur Folge liaben (Pant, Mehra, 1965; Gopal, Shah, 1970), die Ver- 
mehrung der Schliess- und der Nebenzcllen kann hingegen als Folge wieder- 
holter Teilungen der Mutterzellen auftreten (Gopal, Shah, 1970). Es kònnen 
weiterhin Yerschiebung der Schliesszellen relativ zueinander, ferner ihre 
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Schrumpfung oder Vergròsserung (Slepjan, Wasiljew, 1974), das laterale 
bzw. polare Zusammenwachsen der henachbarten Spaltòffnungen (Pant, 
Kidwai, 1966; Gopal, Shah, 1970), das Erscheinen von Zwillingstomata 
(Slepjan, Wasiljew, 1974; Prat, 1948), usw. vorkommen. 

Beachtenswert sind die Feststellungen von Slepjan und Wasiljew 
(1974). Nacli ilirer Meinung entstehen die deformierten Stornata im allgemeinen 
in der Epidermis der teratologischen Organe. Sie liaben erkannt, dass die 
Stomadeformationen bei den verschiedenen Pflanzenfamilien in nahezn glei- 
chen Yerformungen auftreten. 


Material und Methode 

Das Material unserer Untersuchung stammte aus einem mit der Mais- 
sorte »Fehér mazsola« (Zeamays L. eonvar. saccharata) und mit der durch In- 
zucht erhaltenen Linie »WF 9« angestellten Bestrahlungsversuch. Die Samen 
der Sorte »Fehér mazsola« waren Co G0 -Bestrahlungen von 1000, 3000, 5000, 
7000, 9000, 11 000 und 13 000 R ausgesetzt, die Dosen bei Individuen der 
durch Inzucht erhaltenen Linie »WF 9« heliefen sicli auf 500, 1500, 4500, 
13 500 und 18 000 R. Die Untersuchungen wurden je Variante an drei Pflanzen 
sowohl an der Oher- als auch an der Unterseite des von oben gerechnet ersten, 
vierten und acliten Blattes durchgefiihrt. Bekanntlich gibt es an der Blatt- 
unterseite mehr Spaltòffnungen als an der Oberseite (Wolcsanszky Mol- 
NAROS, 1964). Spaltòffnungen treten auch bei den oberen Bliittern hàufiger als 
bei den unteren auf (Zalensky, 1904; Maksimow, 1957). Bekannt ist schliesslich 
auch, dass sicli das Tempo der Stomadifferenzierung nacli den oberen Blàttern 
liin allmàhlich verlangsamt (Sciiurmann, 1959; Pisek et al., 1970). Durch den 
Vergleich der Bliitter verschiedener Hòhenlage konnten wir zugleich Aufschluss 
iiber die in den verschiedenen Stadien der Ontogenese auftretenden Ahnormi- 
tàten und auch iiber die Topograpliie der Deformationen in der Epidermis 
erhalten. 

Bei den gesàuberten und durchleuchteten Blattstiicken untersuchten wir 
die Zalil und Gròsse der Hautgewebeelemente, wobei wir die abnormal ge- 
formten Spaltòffnungen abzeichneten und photographierten. 


Die Ergebnisse der Untersuchungen 

Die am hàufigsten auftretenden Spaltòffnungsabnormitàten werden durch 
die Zeichnungen (Abb. 1 und photographischen Aufnahmen (Abh. 2) veran- 
schaulicht. 

Auffàllig ist die Erscheinung, dass die Schliesszellen dreier Stornata in 
Làngsrichtung zusammenstossen (Abb. 1: 1, 3, 5; Abb. 2: 8). Die Schliesszellen 
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sind deutlich gesondert, die Nebenzellen dagegen fliessen mehr oder weniger 
ineinander. Manchmal sind die zweiseitigen Nebenzellen an der Spitze der 
Spaltòffnung miteinander durch ein miitzenfòrmiges Gebilde verknùpft (Abb. 
1: 6, 7; Abb. 2: 10). In einem anderen Falle stehen zwei Stornata miteinander 
in polarer Beriihrung, hier aber sind sowohl die Schliesszellen als auch die 
Nebenzellen voneinander getrennt (Abb. 1:2; Abb. 2:9). Es kommt fernervor, 
dass zwischen den Stornata zweier benaclibarter Reihen durch die Nebenzellen 
eine Verbindung entsteht (Abb. 1: 4; Abb. 2: 11, 12). Die Nebenzelle der Spalt¬ 
òffnung in der einen Reihe greift — vergròssert - schràg in die benachbarte 
Reihe iiber und schliesst sich an die Nebenzelle des anderen Stoma an. 

Wàhrend unserer Untersuchungen haben wir auch die beim Mais schon 
bekannten »Zwillingsstomata« gefunden, die bei der Verbindung zweier Epi- 
dermiszellenreihen vorkommen (Abb. 2: 11, 13). 

Bei der Sorte »Fehér mazsola« wurden abnormal gebildete Spaltòffnun- 
gen nur an den bestrahlten Pflanzen (3000, 5000 R) beobachtet, bei Individuen 









Abb. 1. Abnorme Spaltòffnungen der Blattepidermis von Individuen der durch Inzucht 

erhaltenen Linie »WF 9« (1 — 7). 
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Abb. 2. Abnorme Spaltòffnungen der Blattepidermis von Pflanzen der Sorte »Fehér ina- 
zsola« (Zea mays L. convar. saccharala) nach Bestrahlung mit dem Ivobaltisotop Co 60 (8 — 13) 
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Abb. 2. Fortsetzung. 
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Abb. 2. Fortsetzung. 
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der durch Inzuclit erhaltenen Linie »WF 9« jedoch auch an den Kontrollpflan- 
zen. Es wurde ferner festgestellt, dass die Zahl und die Vielfalt der Stomaverfor- 
mungen l>ei der durch Inzucht erhaltenen Linie die der Sorte »Fehér mazsola« 
bei weitem iibertrifft. 

An den von uns untersuchtcn Pflanzen lagen die deformierten Stornata 
im Hautgewebe norraal entwickeltcr Organe. An den oberen Blàttern haben 
sich mehr abnormale Spaltòffnungcn differenziert als an den unteren. Am Auf- 
bau der einzelnen abnormalen »Stomakomplexe« sind liòehstens drei Spaltòff- 
nungen beteiligt. Die Stornata sind voneinander in jedem Falle durch Zell- 
wànde getrennt, wàhrend die Nebenzellen im allgemeinen unterschiedlich stark 
ineinanderfliessen. 


Diskussion der Ergebnisse 

Unsere Beobachtungen iiber Stomadeformationen lassen auf eine 
Hemmung, wenn nicht auf eine vervielfachte Teilung der Meristemoide 
schliessen. Die ungeregeltc Anordnung der Stornata stòrt die fiir die Siiss- 
gràser so charakteristische Ordnung der Hautgewebeelemente. 

Die Feststellung von Slepjan und Wasiljew (1974), nach der die Stoma- 
abnormitàten bei den Pflanzen der verschiedenen Systematikgruppen auf àhn- 
liche Weise, mit gleichen Deforinationen auftreten, kònnen wir um so mehr be- 
stàtigen, als auch wir an Hautgewebe des Maises die schon bei andcren I amilien 
beschriebenen Yerànderungen vorgefunden haben. Wir beobachteten hòchstens 
aus drei Stornata gebildete abnormale »Komplexe«, was mit den von anderen 
Autoren veròffentlichten Feststellungen und Abbildungen ubereinstimmt. 

Dagegen kònnen wir die Auffassung Slepjans und Wasiljews (1974) 
von der Korrelation zwischen deformierten Stornata und Organen bzw. 
Geweben nicht belegen. An den Blàttern und in den Geweben der unter- 
suchten Maispflanzen haben wir keine andere abnormale Anderungen be- 
obachtet. 

Die Tatsache, dass die Mehrzahl der unregelmàssigen Spaltòffnungen 
im Hautgewebe der oberen Blàtter entsteht, kann einesteils mit dem Gesetz 
von Zalensky (1904) erklàrt werden. Nach diesem Gesetz gibt es bei den 
oberen Blàttern mehr Spaltòffnungen als bei den unteren, und somit kònnen 
an jenen — nach einer einfachen statistischen Gesetzmàssigkeit auch mehr 
Abnormitàten entstehen. Andererseits kann auch die bei den oberen Blàttern 
beobachtete Verlangsamung des Teilungstempos der Meristemoide daran be¬ 
teiligt sein, so dass die die Deformierung beeinflussenden und durch Stoff- 
wechsel zur Geltung kommenden Faktoren làngere Zeit wirken. 

Die grosse Zahl und der Formenreichtum der Deformationen bei Indi- 
viduen der durch Inzucht erhaltenen Linie »WF 9« sind vermutlich der gene- 
tischen Labilitàt dieser Pflanzen zuzuschreiben. 
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À. Boros (f)—M. Jàrai-Komlódi: An atlas of recent European moss spores, 1975, 466 pp. 
237 plates. Akadémiai Kiadó, Budapest 

Hungarian literature on thè subjects of bryology and palynology has been significantly 
enriched by a book thè first to be published since ERDTMAN’s-offering a detailed and corri- 
prehensive description of living moss spores. It is rightly expected that it will command 
interest among professionals in Europe as well as in other parts of thè world. 

The section on bryology was compiled by A. Boros, acquainting public with thè last 
significant contribution of thè author, deceased in 1973. The section dealing with palynology 
is thè work of thè well-known Hungarian palynologist, M. Jàrai-Komlódi. 

The purpose of thè authors is twofold. They wish to cali attention to thè role which 
moss spores play in palynological research, because thè full significance of moss spores stili 
have not been realized despite thè fact that they readily fossilize in deposits of various ages. 
At thè same time, it is well known that mosses are among thè oldest plants and that many 
species adhere to unusual ecological features, thus they are often found in biotops apt for 
fossilization, and therefore thè determination of moss species on thè basis of spores can give 
precise information about ecological conditions in which spores become fossilized. 

All this confirms that “thè knowledge of moss spores and thè determination of plants 
producing them cannot be ignored by paleobotanists either from thè viewpoint of phylo- 
genetics or from vegetation history”. 

A further object of this work is to contribute to thè solution of certain systematic 
and taxonomic problems in thè light of available knowledge on moss spores. 

The book is divided into two major parts. In thè first part an introduction to thè 
purpose of thè book is given with respect to bryology and palynology; thè method of spore 
preparation is described together with detailed account of thè morphological features of spores 
which have been utilized during thè investigations. A list of pertinent literature closes this 
section. 

The second part considers, per species, thè special question of moss distribution, 
ecology, thè frequency of spore formation, spore morphology, within it thè dimensions, shape, 
structure and ornamentation of thè spore, thè number of chromosomes characteristic to each 
species and herbarial data on locality and time of collection, name of thè field worker, thè 
year in which collection was made, and thè reference number by which thè utilized and inarked 
specimen is indicated in thè botanical collection of thè Naturai History Museum, Budapest. 

In this part of thè book thè authors deal with 235 living moss species which have 
been selected to represent all European families and genera characterizing thè circumboreal 
area. Relict species living in torfmoors or inoorlands are represented in greater number. 
Similarly, thè authors have selected species which produce spores copiously but are not to 
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be found in moorlands, and niosses whose spore production is in recent times sinall and an 
infrequent phenomenon. The latter have probably spores more abundantly in thè geolog- 
ical past. 

Spores of xerophilous mosses living on rock and rinds are also covered, although these 
spores as a rule do not fossilize. But thè atlas was intended to give assistance not only to 
researchers in palynology but also in taxonoiny. 

The description of each species is supplemented with 10 to 15, in some instances with 
even more, high-quality microscopie photographs. In thè case of 12 species, pictures taken 
by thè scanning electron microscope are submitted. In order to aid identification of a given 
species, drawings depicting thè characteristic ornamentation of spore walls are supplied or, 
as in thè case of hepatics, photographs illustrate thè elater structure. 

A subject index compiled with great care completes thè book. The discussion of thè 
spores of 235 moss species is supplemented by finely executed photographic material which 
can be advantageously used in paleobotanical, bryological and taxonomical research. The 
book should be well received by bryologists and palynologists as well in Hungary as abroad. 

S. Orbàn 


G. Reiciiert: Die methodischen Voraussetzungen fiir eine Kultur hdherer Pflanzen unter 
kontrollierten und reproduzierbaren Bedingungen. Westdeutscher Yerlag, Opladen 1973, 32 pp. 

The paper published in thè series “Forschungsberichte des Landes Nordrhein-West- 
falen”, No. 2267, gives thè particulars of a small-sized phytotron devised by thè author. 
The carefully designed and constructed instruinent makes research work possible, with a 
great degree of precision in ecology and biology with respect to vascular plants under con- 
trolled environment. 

The adjustable temperature range is between —20°C and -j-40°C, with ±0.1 o C ac- 
curacy. Moisture content, depending on thè prevailing temperature, can be regulated between 
30 to 95%. Maximum power of illuminatimi is 25 000 Lux. 

The instrument also ensures thè adjustability of thè carbon dioxide concentration 
from 0.01% to 3.00%; thè velocity of air flow and thè exchange of air can also be regulated. 

The detailed account will be a significant aid for all those who are engaged in thè 
design and construction of phytotrons. 

I. Horvàth 


Limnology of Shallow Waters (Editors J. Salànki and J. E. Ponyi). 1975, 304 pp. No. 15. 
Symposia Biologica Hungarica. Akadémiai Kiadó, Budapest 

This volume contains thè full text and figures of thè 29 papers presented at thè sym¬ 
posium “Limnology of Shallow Waters”. This meeting, sponsored by thè Department of 
Biology of thè Hungarian Academy of Sciences and organised by thè Research Institute of 
Biology (Tihany), was held in September, 1973. 

During congresses of thè International Limnological Society (SIL) and at inter- 
national hydrobiological meetings thè demand was emphasized several times to organise a 
special meeting dealing entirely with problems of shallow waters, to bring thè experts of this 
field under a common roof. It has been a well-established and lucky idea to organize this 
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meeting in Hungary, in a country where reai “deep and stratified lakes” (according to thè 
classical limnological definition) do not exist (all Hungarian lakes are shallow waters of thè 
Pannonian type). Finally, thè Symposium was organized in Tihany, at thè shore of Lake 
Balaton, thè lake which is not only shallow and thè largest in Central Europe, but at thè 
same time studied most extensively and for thè longest time. 

The topic of thè Symposium was of great importance not only for hydrobiologists, 
but concurrently for all biologists studying environmental problems. The problems of naturai 
and artificial human environments are justly in thè liine-light of our times and their study 
is emphasized by a number of international scientific research programmes. 

One of these programs is MAB (Man and Biosphere), sponsored by thè UNESCO. 
This program is global and regional, governmental and scientific at thè same time. Topic 5 
of this program “Ecologie effeets of human activity on thè values and resources of lakes, 
moors, rivers, deltas, estuaries and costai zones” is of centrai importance. One of thè Main 
Activity Directions, initiated by thè Hungarian Academy of Sciences, “Protection of thè 
Naturai Environment of Man” is closely connected to thè MAB program. The papers pre- 
sented during thè Symposium were partly elaborated within thè framework of thè IBP. 

The frightening deterioration of our naturai environment and thè generai pollution 
endanger shallow waters to a high extent; this means that thè symposium had a special 
actuality. 

Papers centered on two main topics: 1. primary and 2. secondary production; as thè 
readers of Acta Botanica are interested primarily in thè first topic, these will be summarized 
in more detail. 

Bacterial production and decomposition, esp. its seasonal dynamics in thè water and 
sediments of Lake Ferto, were studied by M. Dokulil. The activity of thè bacterial micro¬ 
flora in seven of thè eutrophised Masur Lakes was studied by W. A. Goldlewska-Lipowa. 

Six papers deal with thè primary production of thè phytoplankton. The illumination, 
composition, biomass and production of phytoplankton were determined in Lake Balaton 
at several depths during a whole year by S. Herodek and G. Tamàs. The dead arm of thè 
Danube at Tolna, and thè sodic waters so characteristic to thè Hungarian Lowland, were 
studied from thè point of gross and net primary production by S. T. Dvihally. Primary 
production data of thè small oligotrophic lakes in Terra Nova National Park (Newfoundland) 
are quoted by chlorophyll ineasurements in thè paper by J. J. Kerekes (Canada); and thè 
seasonal variations of thè primary production of Gomphonema and Ulothrix algae, which 
sometimes proliferate in thè water of Lake Tahoe (California-Nevada, USA), are discussed 
in thè paper by Ch. R. Goldman and E. Amezaga. I. Spodniewska studied thè effect of 
deliberately altered fish stock upon composition, biomass and production of phytoplankton 
in thè Warniak fish pond (Poland). The qualitative and quantitative analysis as well as thè 
estimation of biomass of phytoplankton in dammed lakes of thè Mts. Mecsek are described 
in thè paper by A. KovÀcs, L. Yòròs and G. Uherkovich. 

Four papers deal with thè production of thè higher aquatic plants. I. Kàrpàti and 
V. Kàrpàti used air mapping of weed stock and weed production. Phenology and growth 
characteristics of duckweed (Lemna gibba L.) was investigated in a Pannonian fishpond in 
Czechoslovakia by E. Rejmankovà; and an invasion stand of Typha latifolia L., occuring 
on flooded arable soil at thè former Lake of Kobyli, S. Moravia (Czechoslovakia), was studied 
for thè seasonal changes in shoot biomass and thè contents of essential minerai nutrients 
by J. Kvet. In a detailed study of high informative value, by J. Komàrkovà and J. Komàrek, 
thè primary production of phytoplankton in water and periphyton adhered to thè stems of 
various macrophyte populations in a fishpond in S. Bohemia (Czechoslovakia) are discussed. 

Some papers approach production from thè Chemical side. R. Schròder describes 
thè phosphorus regime of thè Bodensee, J. Olàh extrapolates thè role of thè metaliinnion 
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in production biology upon thè sediments of shallow waters. E. Donàszy gives an account 
of thè studies of thè Szelidi-tó; this lake in Hungary is typically sodio, and its investigatimi 
has thè added value that an almost continuous series of data, covering 30 years, are available. 
B. T. Hargrave writes on thè importance of depth and intermixing in thè supply of organic 
substances to bottom communities. 

Papers on secondary production discuss results of zoological studies of shallow lakes 
of various hydrographical conditions in Europe (Balaton, Ferto- and Yelence lakes in Hun¬ 
gary, lakes in Bulgaria, Yugoslavia, GFR) and alpine lakes in Canada with primary emphasis 
on biomass survey, production and food utilisation. 

The editors of this finely presented volume endeavoured with success to render an 
uniform outlook to text and figures; however, a more detailed subdivision of papers would 
have been justified. The thoroughly cross-indexed subject index adds to thè versatility of 
thè volume. 

Hydrobiology is a branch of Science which considering demands has been neglected 
in Ilungary; thus thè publication of this valuable book for scientists in Hungary and abroad 
is a most welcome fact, deserving full credit for editors and publisher. 

S. T. Dvihally 


H. Walter: Die Vegetation der Erde in bko-physiologischer Betrachtung. I. Die tropischen 
und subtropischen Zonen. 3rd ed., Jena, VEV Fischer, 1973, pp. 743. 

This monumentai book, describing thè vegetation of thè Earth on a causal-ecological 
basis, which I reviewed in Acta Bot. Acad. Sci. Hung. 15:204 — 205, and in Bot. Kozl. 
56:56 (1969), has achieved such a great success that its volume analysing thè vegetation of 
tropical and subtropical zones has been published in English (Ecology of Tropical and Sub¬ 
tropical Vegetation, Edinburgh, 1971), as well as in Russian, while there is now a third Gerinan 
editimi. I must cali attention to thè latter, sirice it has been completely revised. The intro- 
ductory part, which discusses tlie fundamental notions and also questions concerning thè bio- 
sphere, ecosystem, potential phytomass, and thè primary product is shorter here, while thè 
detailed elaboration has been enlarged. This is divided into three mairi chapters: 1. thè vege¬ 
tation of thè equatorial zone; 2. that of thè zone of tropical surnmer rains; 3. that of thè sub¬ 
tropical arid zones. Rain woods are discussed in Part 1; semi-evergreen and deciduous woods 
as well as savannah, in Part 2; and deserts (thè author knows all these frorn personal experience) 
are treated in Part 3. A considerale part in thè analysis is played by climate diagrams and 
climatograms. (As is known, these terms have also been introduced by Walter.) In thè near 
future, an atlas of thè ecological climatic division of thè earth will be published (by G. Fischer, 
Stuttgart) in a separate volume, with 9 great chinate diagram maps. 

Vegetation der Erde has also been published as a university textbook edition entitled 
“Vegetationszonen und Klima”, 1970, 2nd ed. in 1973; thè same in English in 1973. — The 
complete vegetation geography, in thè classical division of four parts, viz. that of fiorai, histor- 
ical, cenological and ecological divisions, entitled “Allgerneine Geobotanik” was published 
by Ulmer, Stuttgart, 1973, 256 pp. — I recommend thè latter, relatively cheap edition to 
our younger fellow researchers. 

R. Soó 
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Hartmann, F. K. (ed.): Òkologie der Wàlder und Landschaften. — Volume 3: Mayer, H.: 
Wàlder des Ostalpenrauines. Stuttgart, G. Fischer, 1974; 344 pp., 63 illustrations, 130 DM. 

Two volumes of this series edited by a late friend of mine, thè great forester-botanist 
Hartmann, have already been reviewed (Soó: Bot. Kòzl. 54: 184, 1967; Acta Bot. Acad. Sci. 
Hung. 14: 445, 1968; Borhidi: Acta, 1. c. 18: 436—437, 1973). — The new volume has been 
written by Hannes Mayer, thè leading figure of thè Viennese forester-botanists. As thè area 
of thè Eastern Alps extends from Switzerland to our country, thè volume on ranges of thè 
Eastern Alps closely interests us too. The author and his school characterizes by using 50 so- 
ciological-ecological species groups; thè character-species and System of thè Braun-Blan- 
quet school are disregarded; their nomenclature, and occasionally their meanings too, are 
identical with already described associations; authors’ names are occasionally given, without 
regard to priority. No detailed tables are included, but thè tree species combinations and thè 
correlations between species groups in thè various associations and subassociations are dem- 
onstrated in suitable drawings (these are subsequently called tables). 

The chapter titles, demonstrating thè author’s systein are as follows: 1. larch- cembra 
pine woods (thè subalpine ligneous associations are also discussed here); 2. naturai spruce woods 
(a: subalpine, b: montane, c: ex-Alpine woods); 3. silver fir woods (spruce-silver firs and spruce- 
silver fir-beeches); 4. beech woods (in co-operation with K. Zukriegl; 9 associations); 5. forests 
rich in oak (oakwoods with hornbeam, acidophilous and basiphilous oakwoods, up to thè ever¬ 
green qu. ilex forests; 11 associations); 6. mixed forests (a very mixed group: wood of maple, 
ash, alder; thus partly rock forests, partly fens and marsh woods; 11 associations); 7. pine- 
woods (thè heterogenous, both ecologically and cenologically, associations of mountain, 
Scots(common) and Austrian pines); 8. inarshy woods (several associations, with thè pioneer 
associations); 9. culture forests (derivated associations). Forest-economy viewpoints of 
practice are in thè forefront in each chapter. The forest liistory of thè region, thc developinent 
of thè important tree species areas, and thè connection between man and forest are written by 
F. Kra). — The last chapter provides thè forestry-geographical division of thè Eastern-Alps 
forest zones and growth regions (“Wuchsbezirk”). Although it is not mentioned, thè Hungar- 
ian Alpine peaks belong to thè mixed-oak forest zone of thè Eastern “Alpenvorland”. Of 
thè Hungarian literature, certain works of Csapody, Jakucs, Majer, Pócs, Soó and Zólyomi 
are cited but little used. It is not easy, therefore, to state how thè associations described by thè 
Hungarian authors according to thè principle of thè Braun-Bl. school are in agreement with 
thè items of nomenclature (about 300 altogether) given by Mayer and co-workers. It is mainly 
thè books of thè Austrian Mayer and thè Hungarian Majer that can be compared. — On thè 
other hand, from thè viewpoints of forestry, sylviculture, renovation, afforestain, nature con- 
servancy, etc. thè work is an excellent summary. 

R. Soó 


Hartmann, F. K.: Mitteleuropàische Wàlder. Òkologie der Wàlder und Landschaften. — Voi. 
5., Stuttgart, G. Fischer, 215 pp., 212 illustrations, 84 DM. 

This work, which is thè last by thè late F. K. Hartmann, is thè illustration book, thè 
supplement to thè first volume. The illustrations partly consist of photographs taken of asso¬ 
ciations or plants, and partly of drawings which show thè character and structural building 
of thè forest associations. The text presents thè concise characterization, characteristic species, 
distribution and varieties of thè forests in thè Central-European Ranges of Mountains of me¬ 
dium height. A great majority of these are similar in ecology and composition to their Hun- 
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garian counterpart, but they are not identical. The drawings and pictures where thè various spe- 
cies are denoted by numbers and thè captions are keys to them are very instructive. — The 
bibliography includes appropriately selected items (from thè Hungarian authors Jakucs, Soó, 
ZÓlyomi), and there are several lists of terminology. 

It is indeed a great pity that Professor Hartmann does not live to see thè publication 
of this hook which crowns with success his life’s work. 

R. Soó 


Ada Botanica Academiae Scientiarum Hungaricae 21, 1975 
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ACTA BOTANICA 


TOM 21 Bbin. 1-2 

PE3H3ME 


H3YMEHME KPAXMAJlbHblX 3EPEH C ITOMOLIJblO YJlbTPAOMOJIETOBOft 
OJllOOPECUEHTHOfi MMKPOCKOnHM B TOMKE POCTA HBJIOHH, BE3 M nOCJlE 

nPHMEHEHMH MOPOAKTHHA 

T. EYEAH h O. UEJU1EP 

B npe>KHeH paGoTe aBiopbi bmhbhjih npncyTCTBHe KpaxMajibHbix 3epeH b cyGanHKajib- 
Hbix yAJiHH^noiBHxc^i TKaH^ix pacTymHx Toneic pocTa noGeroB h b Ga3ajibH0H mbcth caMbix mo- 
JlOAblX 3aM3TK0B JlHCTbeB, paCn0J10>KeHHbIX B03Jie KOHyca HapaCTaHH^. 

PacnpeAejieHHe KpaxMajibHbix 3 epeH b KJieTKax TKaHeH tomkh pocTa noGera He CBH 3 aH 0 
hh c BepTHKajibHbiM hjih ropH 30 HTajibHbiM nojio>KeHHeM noGera, hh c npHMeHeHHeM MOp$aK- 
THHa, noHn>KaK)libero reoTponuMecKyio HyBCTBHTe.jibHOCTb. 

npH (})JlK)OpeCi;eHTH()H MHKpOCKOnHH B 3HaMHTCJlbH0H Mepe nOBbllliCHa CneUH(J)HHHOCTb 
ajibUHaH-Gjiy 8 — MeTafioAHan KHCJiOTa — LLlH(f)(j)OBoro peaKTHBa (AB—PAS). 


H3YMEHME HHTEHCMBHOCTM OCBELlJEHMfl B BYKOBblX J1ECAX PA3JlMMHOrO 

B03PACTA 

M. jUPALLIKOBMM 

B Tpex GyKOBbix jiecax paajiHHHbix B 03 pacTHbix KJiaccoB Ha ypoBHe A^pwa, a Taione Ha 
b 6 jih 3 h pacnojio>KeHHOH nojiAHe Gmjih npoBe/;eHbi CHHxpoHHbie (JioToajieKTpHMecKHe H 3 MepeHHfl 
CBeTa c noMombio JiioKCMeTpa b OTAejibHbix KaTeropHnx BbicoTbi cojiHua, noBTOpHOCTb GbiJia 
paBHa 32 . Uejibio paGoTbi GbiJio noKa 3 aTb, KaKOH H 3 M 0 hmhbocth ocBemeHHH noABep>KeHbi 
BHAbi pacTeHHH, npoH 3 pacTaiomne b nopocjiH Tpex BoapacTHbix KJiaccoB c paajiHMHOH CTpyKTy- 
poii Haca>KAeHHH. OTHOCHTejibHO ocBemeHHOCTH Haca>KAeHHH paajiHHHoro B 03 pacTa HaiiMeHb- 
uine pa 3 JiHMHH ObiJiH Bbi^BJieHbi b nepnoA nojiHoro pasBHTHH jiHCTBbi. B nepexoAHbin BereTa- 
UHOHHbiH nepnoA — npouecc oGjihctbchhh — HaGjiioAaioTCH 3 HaMHTejibHbie pa 3 JiHHHH b ocBe- 
meHHH. B MOJIOAOM H CTapOM Haea>KAeHHHX B Ge 3 JlHCTH 0 M coctohhhh CTpyKTypa CTBOJIOB H 
BCTBeH oGycjiOBjiHBajia cxoAHbie ycjioBHH ocBeuieHHH, Tor^a KaK b Haca>KAeHHHx cpe^Hero h 
CTaporo B 03 pacTa CTpyKTypa jiHCTBbi npHBejia k cxoahmm ycjioBHHM ocBemeHHA. 


M3MEHEHHA nOBEPXHOCTH M BECA CBETOBblX H TEHEBblX JlHCTbEB H 
nOBETOB QUERCUS PETRAEA M QUERCUS CERRIS B JIECHOR 
3KOCMCTEME BEHrPHH 
n. HKYM h K. BHPAT 

Ha AByx ApCBeCHblX nopOAax: Quercus petraea H Quercus cerris, npOH3paCTaiomHX 
Ha TeppHTopHH «UJHK(J)èKyT npoeicr», npeAHa3HaHeHH0H jxjw H3yneHHH srochctcm, aBTopbi npo- 
BOAHJ1H HCCJieAOBaHHH pOCTa CBGTOBblX H TCHCBblX JlHCTbeB H noGerOB. Pe3yJlbTaTbI npHBOAHTCH 
b nepecneTe Ha noBepxHOCTb h Ha cyxon Bec JlHCTbeB h othocatch k 1973 roAy. Ha ochobc 
CBeTOBonjiaHHMeTpHMecKHx AaHHbix h AaHHbix cyxoro Beca, coGpaHHbix e^eMecfl^HO hjih Ha 
Ka>KAOH BTopoìi HeAejie, mo>kho GbiJio npocJieAHTb AWHaMHKy npoAyKLjHH JlHCTbeB h noGeroB, a 
Taione noTepio BemecTB, Bbi3BaHHyio oGTeAaHHeM JlHCTbeB ryceHHijaMH. npHBOAHTCH ABHHbie 
Taione MHCJia JlHCTbeB b nepecneTe Ha reiorap. 


M3MEHEHME PA3BMTMH FIOMEK Y CMOPO^HHbl FIPM 3APA>KEHMH 
CECIDOPHYOPSIS RIBIS WESTW. 

B. KAYCMAHH h y. OOKKE 

y CMOpOAHHbi (Ribes sp.) fiomkh cjieAyiomero roAa noaBaaioTCH y>ne BecHOH. riocjie 
BereTaTHBHOH (J)a3bi (pa3BHTHe noMCMHbix MernycK h 3aMaTKOB ancTbeB), BepxyuiKa noGera MO>KeT 
npeBpaTHTbca b couBeTne. npn 3apa>KeHHH Cecidophyopsis ribis WESTW. HapyiuaeTCH 
pa3BHTHC noaeK h He npOHCxoAHT of)pa30BaHHH ancTbeB h couBeTHH. B paGoTe AaeTca onwcaHMe 
rHCToreHeTHHecKHx A^opMauHH npoTO- h cyGnpoTOAepivibi h o6cy>KAaK)TCfl npHMHHbi aToro 
HBaeHHH. 


nPHMEHEHME CKAHMPYIOIHEtf 3JIEKTPOHHOPÌ MMKPOCKOFIHH Y 
HCKOnAEMblX PACTEHMR 

M. KEABELIJ h m. PA/JBAHCKM 

C noMOiAbio cKaHHpyioiuero MHKpocKona SM-50A Jeol Gbian npoBeAeHbi HceaeAOBaHHH 
Ha HCKonaeMbix pacieHHax bhaob Pleurozonaria concinna , Ovoidites ligneolus h AByx bhaob 
poAa Oculopollis. Ebiao ycraHOBaeHO, mto chhmkh cnabHoro yBeaHMeHHfl (150 000 X) 
npeAOCTaBJiflioT Ba>KHbie HOBbie AaHHbie o tohkoh cTpyicrype noBepxHOCTH. CyGMHKpocKonHHec- 
Kan CKyabmypa AByx bhaob Normapolles c raa3KaMH H3 caoeB BepxHero MeaoBoro nepuoAa 
OAHHaKOBa. CaeAOBaTeabHO sto no Bceii BepoaTHOci h HBaaeTca aKoaorHMecKHM cbohctbom, a He 
GneHH(J)HHecKOH a^h BHAa ocoGenHocTbio. HccaeAOBaBujneca bhau Normapolles c raa3KaMH 
Ha OCHOBC TOHKHX nOBepXHOCTHblX 06pa30BaHHH, npHHHMaa BO BHHMaHHe COOGmeHHe Cpn- 
BacTaBa (1972 r.), OTanaaioTcn ot bhaob Trudopollis. no uccaeAOBaHHbiM bhaam Gbian 
noayaeHbi TaK>Ke AaHHbie o noApoGHocTax OTao>KCHHn b renenHe (J>occHaH3ai;HH. 


KPHOBHOJIOrHMECKHE MCCJlE/lOBAHnfl B TOPAX BbICOKHE TATPbl 

e. koji 

B ropax BbicoKHe TaTpbi H3BecTHbi MHKpoopraHH3Mbi caeayioiHHx OKpaiiiHBaHHH Kpuo- 
cecTOHa: KpacHbiH CHer c C/damydomonas nivalis, Chlamydomonas sanguinea; >KeaTbiii CHer c 
Chlamydomonas flavovirens , Chlamydcmonas rostafinskii; >KeaTo6ypbiH CHer c Chrcmulina 
ettlii h 3eaeHbin chcp c Koliella tatrae h Carteria gvoerffyi. CHOKHaa pacTHTeabHOCTb Bhcokhx 
TaTp othochtch k III-y Tiniy BepxHen KpHOBereTauHH. 

B ropax BbicoKne TaTpbi b nocaeAHue roAbi b oGaacTH KpHoGnoaorHHecKHX HecaeAO- 
BaHHH HaGaiOAaeTCH HOBbifi noA'beiu. E. Koa npoBoanaa H3MepeHHa pH CHera. XHHAaK, flBop- 
hhhkh h KoMapen npoBOAHan npH3KoaorHHecKHe h KpHooHoaorHMecKHe HecaeAOBaHHH, a 
TaK>Ke KoanaecTBeHHbie h oimmecKHe ((|)0T0CHHTe3) H3MepeHiia. HccaeAOBaTeaaM XHHAaK h 
Hbophhhkh yAaaocb KyabTHBupoBaTb KpHOBOAopocan h BbipamHBaTb HHCTbie KyabTypbi. 


PACnPE^EJlEHHE M^HHAMHKACO^EP>KAHHH OOCOOPA, A30TA H KAJlHfl B 
MHOTOJ1ETHEM OTKPbITOM nECMAHOM j^EPHE 
(FESTUCETUM VAGINATAE DANUBIALE) 

3X1HT KOBAM-J1AHT 

B MHoroaeTHCM oTKpbiTOM necMaHOM AepHC - Festucetum vaginatae danubiale —, 
HBaaiomeMCfl oGmepacnpocTpeHCHHbiM h xapaKTepHbiM a-nh necaaHbix hohb b MOKAypenbe 
TlyHaa h Thcbi, H3ynaaHCb — napaaaeabHO c cc3ohhoh ahhombroh (j)HTOMaccbi — pacnpeAe- 
aeHHe h AHHaMHKa coAepwaHnn (J)oc(J)opa, a30Ta h Kaana b oTAeabHbix (|)pai<HHax (})HTOMaccbi h b 
noqBe. B 1971-om roay okcmcohiho aHaan3npoBaaH pacTHTeabHbin MaTepnaa 22 MOHoaHTOB 
pa3MepoM b 20x20x20 cm. 

Bbiao ycTaHOBaeHo, mto b oTAeabHbix (JjpaKunax (|)HTOMaccbi HanOoaee bmcokoh hb an- 
eTCH KOHHeHTpauna a30Ta, KOHHempamia Kaana HecKoabKO hh>kc, b to BpeMa KaK KOHueHTpa- 


Uha (j)oc(})opa npHMepHO Ha oahh nopnflOK BejiHMiiHbi MeHbuie KOHijeHTpauHH a 30 Ta h KajiHH. 
np» HaHÓOJiee BbICOKOH KOHLjeHTpaiJHH Bce TpH BJieMeHTa GblJIH BblABJieHbl B >KHBbIX HaCTHX 
pacTeHHH. KoHLjeHTpannfl a30Ta noHH>KaeTCA b cjieAyioineM nopAAKe: >KHBbie HaAnoMBeHHbie 
qacTH, MepTBbie HaAnoMBeHHbie MacTH, kophh. B cjiynae KajiHA h (j)oc(j)opa KOHoeHTpaAHA no- 
HH>KaeTCA no nopAAKy: >KHBbie HaAnoMBeHHbie nacTH, kophh, MepTBbie HaAnoMBeHHbie nacTH. 

B noHBe KOHueHTpaAHH Tpex ajieivieHTOB HaMHoro hidkc. BojibiiiHHCTBo nHTaTejibHbix 
BemeCTB, HaKOnHBHIHXCH B (J)HTOMaCCe, HaXOAHTCH B nOMBeHHblX MaCTAX. Ha TeppHTOpHH B 1 ra 
bca (J)HTOMacca MHorojieTHero OTKpbiToro A e pna coacp>kht npHMepHO 100 Kr a30Ta, 30 Kr 
KajiHA h 7—8 Kr (})oc(J)opa. Ha TeppHTOpHH b 1 ra b cooTBeTCTByiomeM noMBeHHOM cjioe mohj- 
hocth b 20 cm oGnjee coAep>KaHHe a30Ta cocTaBjineT npHMepHO 1000—2000 Kr, coAep>KaHHe oG- 
mero KajiHA — 3000—3200 Kr, a C0Aep>KaHHe oGinero t})oc(})opa — 300—500 Kr. M3 3Toro 3anaca 
ycBaHBaeMoe kojihmcctbo cocTaBJineT npHMepHO 12 Kr a30Ta, 150 Kr Kajinn h 30 Kr (J)occJ)opa. 

B H3yneHH0H CHCTeMe noMBa-pacTemie noA GnojiorHMecKHM KOHTpojieM HaxoAHTCA mcha- 
lomaACA aojia 3JieMeHT0B, a hmchho 10% oGiijero a30Ta, 3% KajiHA h npHMepHO 1% (J)oc({)opa. 

CooTHomeHne 3anaca ycBaHBaeMbix ajiejvieHTOB h HaKonuBiuHxcA b (])HTOMacce 3anacoB 
yKa3biBaeT b cjiynae a30Ta Ha to, mto kojihmcctbo ycBanBaeMoro a30Ta b noMBe b KanecTBe (J)aK- 
Topa MHHHMyMa Mo>KeT orpaHHHHTb kojihmcctbo a30Ta, BCTpanBaeMoro b opraHHnecKoe BenjecT- 
bo h, cjieAOBaTejibHO, h caMy npoAyKHHio. 


0B30P PABOT no H3yHEHHK) nPO^YKUHH TPABflHMCTblX PACTEHHfi B 

BEHrPHH 

3. MOJlbHAP 

B CTaTbe AaeTcn noAbiTOACHBaiomHH o630p paGoT no H3yqeHHK) ypo>Kan JiyroB h nacT- 
GhHJ, npOBOAHBUIHXCA BeHrepCKHMH GOTaHHKaMH. M3MepeHHA OCymeCTBJTAJlHCb Ha TeppHTOpHH 
60 nocejieHHH CTpaHbi. Ha ochobc nyGjiHKauHH, noABHBninxcA ao 1975 roAa, cooGujaiOTCA Ha 3 Ba- 
HHA paCTHTejIbHblX COOGlIjeCTB, npHMeHAeMblX OTAejlbHbIMH aBTOpaMH, pe3yJlbTaTbI H3MepeHHA 
ypo>Kan 32 pacTHTejibHbix cooGnjecTB (npn eAHH00Gpa3H0M hcmhcjichhh t/m 2 ), a TaK>Ke HMeHa 

ABTOpOB. 

HaHGojibuiHH ypo>Kaii Gbin nojiyneH b cooGmecTBe: Scirpo-Phragmitetum glycerietosum. 


HCCJIE^OBAHHE CTPYKTyPbl BHELIIHEft nOBEPXHOCTH HAPY>KHbIX 
OBOJIOMEK SnH^EPMHCA KOPHEtf niIJEHHUbl H KYKYPY3bI C nOMOlIJbK) 
CKAHHPYIOlUEn SJlEKTPOHHOtf MHKPOCKOnHH 
h. r. noTAnoB, b. h. oMJiHnnEHKO, ji. r. KOcyjiMHA 

C noMombio CKaHHpyiomero ajieKTpoHHoro MHKpocKona H3yMajiH BHeuiHioK) noBepx- 
HOCTb KopHen nmeHHAbi h KyKypy3bi. BbiABjieHa HeoAHopoAHOCTb noBepxHOCTH KopHen. 
OTMeMaeTcn yBejniMeHHe njiOTHOCTH CTpyKTypHbix ajiejvieHTOB BHeniHen noBepxHOCTH KaK Kop- 
HeBblX BOJIOCKOB, TaK H KOpHCH B HCJIOM B Ga3HneTajlbH0M HanpaBJieHHH. KopHH nOKpbITbl CJ1H- 
3HCT0H OGOJIOMKOH. KpOMe Toro, CJlH3b oGHapy>KHBaeTCA B BHAe JlOKaJlbHblX CKOnJieHHH H 
rjioGyji, KOTopbie HanGojiee nacTO BCTpenaiOTCA b 30He bGjih3h KopHeBoro nexjiHKa h 30He Kop- 
HeBbix bojiockob. B MecTax pa3pbiBa HenpepbiBnoro cjioa cjih3h Ha noBepxHOCTH Hapy>KHbix 
KJieTOHHblX oGojIOMeK 30H paCTAA<eHHA H AH(J)(|)ep e HAHAUHH B njlOTHOM, aMOp(})HOM MaTpHKCe 
BblABJIAIOTCA npO(|)HJIH (J)HGpHJIJlApHOH CTpyKTypbl. npH pa3BHTHH KOpHCBblX BOJIOCKOB TpHXO- 
GjiacTaMH KopHeil nmeHHijbi HaGjnoAajiCA pa3pbiB BHeuiHero cjioa kjictomhoh oGojiomkh. npeA- 
nojiaraeTcn, mto nocjieAHHH npeACTaBJineT coGoh pa3pbiB cjih3hctoh oGojiomkh, KyTHKyjibi h 
npHjieraiOLAero cjioa aMopcjiHoro MaTpHKca c BKJiioMeHHbiMH b HeM, GecnopAAOMHO pa3GpocaH- 
hhmh BOJiOKHaMH. Y KopHen KyKypyabi mctkoh KapTHHbi pa3pbiBa BHeuiHero cjioa oGojiomkh He 
oGHapy>KeHO. noBepxHocTb KopHeBoro BOjiocKa TaK>Ke HeoAHOpOAHa. Kohmhk BOjiocKa no- 
KpblT CBOeoGpa3HOH «UianOMKOH CJ1H3H>>. nOBepXHOCTb OCHOBaHHH BOJIOCKa nJlOTHan H HMeeT 
CTpyKTypy, aHajiorHMHyio CTpyKType noBepxHOCTH Hapy>KHbix KJieTOMHbix oGojiomck 30h pacTA- 
>kchha h AH({)(l)epeHnHanHH. B CTaTbe oGcy>KAaK)TCA bo3mo>khocth h nepcneKTHBbi ncnojib30- 
B3HHA CKaHHpyiOIAeH SJieKTpOHHOH MHKpOCKOnHH B GHOJIOrHMeCKHX HCCJieAOBaHHAX. 


M3YMEHME 3K0J10rMM MXOB B JlECOCTEnHblX COOBLUECTBAX HA 
OBPA3UOBOH TEPPHTOPMH MEBXAPACTM IBP 

T. LUHMOH vi r. CEPEHbM 

OGpaaijbi OpajiHCb b KcepoTepMHMecKnx cooOmecTBax: Brometum tectorum, Festucetum 
vaginatae, Festucetum ivagneri, Astragaio-Festucetum sulcatae , Junipero-Populetum, Festuco- 
Quercetum , Convallario-Quercetum. OGpaaijbi noMBbi (nonni 200 oOpaauoB) hpohcxoaht H3 
noAymeK Mxa. MccaeAOBaaHCb BeanMHHbi pH, (b H 2 0) coAepaoHne ryMyca, CaC0 3 , NH.„ N0 2 
NO.„ P 2 0 5 h KoO c noMombio ObicTpbix aHajiHTimecKHx (TaK Ha3bmaeMbix nojiyMHKpo-) mctoaob. 
Ha nayMaeMOH TeppHTOpHH cpeAHeroAOBoe kojihmcctbo aTMoc(J)epHbix ocaAKOB cocTaBJineT 
500—550 mm, a cpeAHeroAOBan TeMnepaTypa — 10—11 °C. OcHOBHan nopoAa — H3BecTK0BbiH 
necoK. noMBeHHbie mxh wrpaiOT 3HaHHTeAbHyio poab b nponaBOAHTeabHOM npyce necnaHOH 
3 K 0 CHCTeMbi, 3 to 0Tpa>KaeTCH TaK>Ke b hx KoaHMecTBe. B paGoTe npHBOA^Tc^i xapaKTepHbie 
MCpTbl OTACabHblX BHAOB MXOB C TOMKH 3peHHH H3ynaeMbIX nOKa3aTGAGH nOMBbl, a T3K>Ke HX 
oGmee ueHoaornMecKoe h aKoaorHnecKoe noBeAeHHe. nocae stofo AaeTcn aHaana cbh3Ch Gpno- 
3 KoaorHMecKHX bhaobhx rpynn c uccaeAOBaHHbiMH noKa3aTejiHMH noMBbi. 3HaMeHne pH i<ce- 
pO(J)HTHbIX BHAOB HaXOAHTCH B HefiTpaAbHOM H meaOMHOM, KCep0-Me30(J)HTHbIX BHAOB B HGHTpaAb- 
HOM, a Me30(J)HTHbIX BHAOB B HCHTpaAbHOM H KHCAOM HHTepBaaaX. 

noKa 3 aTeaH ryMyca Kcepo(J)HTHbix bhaob Goaee hhskhc, a Me 30 (|)HTHbix bhaob Goaee 
BbicoKne. NH 3 yBeaHMHBaeTCH cootbctctbchho rpaAUCHTy ot Kcepot})HTHbix ao Me 30 (J)HTHbix bh¬ 
aob. noAoGHoe noao>KeHHe HaGaiOAaeTcn h b othoiiichhh N0 2 h N0 3 . PacnpeAeaeHne (})oc(})opa 
H KaaHH B CBH 3 H C OTACAbHblMH BHAOBbIMH FpynnaMH He nOKA 3 bIBaeT 3 aK 0 H 0 MepH 0 CTH. B CBH 3 H c 
OTAeabHbiMH noKa 3 aTejiHMH yKaabiBaeTca TaK>Ke Ha hx ce 30 HHbie H 3 MeHCHHH. 


^AHHblE K BOnPOCY O HACJIE^OBAHHH CO^EP>KAHHH KAMA3YJ1EHA B 

nonyjiHUHH pomalukh 

Pi . LUBAE h M. LUAPKAHb 

B pe3yjibTaTe paGoTbi no ceaeKHHH pOManiKH, npOBOAUBiuencfl 3a nocaeAHHx 15 agt, b 
B enrpHH Gbuin noAyneHbi ABa hobwx copTa, coAcp>KaHHe AOHCTByiomero BemecTBa KOTOpbix 
3HaMHTeabH0 Goabrne, neM b MecTHbix nonyjimuinx. 3 th ABa copTa asiot B03M0>KH0CTb 
yay i uueHH>i AHKopacrymHX MecTHbix nonyanunìl aacoaeHHbix nonB. 0 ah 3 K 0 , ao hx Hcnoab30- 
BaHH>i BbiABHHyaacb HeoGxoAHMOCTb ripeABapHTeabHoro yncHeHHH HecKoabKHX ocHOBonoaa- 
raioiuHx BonpocoB. 

npniliaocb BblHCHHTb B 03 M 0 >KH 0 CTb H pa 3 Mep CKpeiAHBaHHA AHKOpacTymnx Meano- 
UBGTKOBblX H CeaeKUHOHHblX COpTOB, TOAHOCTb H KOHKypeHTHyiO CnOCOGHOCTb HOBblX COpTOB B 
CMGmaHHOH nonyanunn, a Taione xoa HacaeAOBaHHA KOHueHTpauHH KaMa 3 yaeHa b pacTGH hhx 
poMauiKH. ^aaee npHiuaocb uccaeAOBaTb bo 3 mo>khog BanaHue noMBbi Ha coAep>KaHHe AOHCTByio- 
mero BemecTBa b hobbix coprax npn hx KyabTHBHpoBaHHH Ha 3 acoaenHOH nonBC. B paGoTe 
oGcy>KAaK)TCH peayabTaTbi aKcnepHMeHTOB no BbincHeHHio BbiuieyKa 3 aHHbix BonpocoB, npoBO- 
AHbuihxch Ha ocHOBe HecaeAOBaHHA AHHaMHKH nonyanunìi. 


M3YMEHHE PACnEflEJlEHMfl ATMOCOEPHblX OCA/JKOB B 3KOCHCTEME 
flYBOBOrO J1ECA B TEHEHHE TOflA 

M. CABO 

Abtopom b 1974 roAy Gbuio ripoBeACHO H 3 yMCHHe pacnpeAeaeHna aTMOctJiepHbix ocaAKOB 
h nyTH ao noMBbi b 3 K 0 CHCTGMe Quercetum petraeae cerris, OTHocameiìcH k «LLhiKcjieKyT IlpoeKT», 
HayMaeMoro b paMKax BeHrepcKoìl nporpaMMbi MAB. Ebiao ycTaHOBaeHO, mto b caynae aTMOC- 
(JiepHbix ocaAKOB b 595,3 mm ancTBeHHbiH h KycTapiniKOBbiH npycbi uccacAOBaHuon 3 KocncTeMbi 
3 aAcp>KHBaK)T 20,1% oGmero KOAimecTBa ao>kaa. B Tendine BereTaunoHHoro nepuoAa sto 
K oanaecTO cocTaBaaeT 21,2%, a bo BpeMH jincTonaAa B 0 A 03 aAcp>KaHHe yMeHbiuaeTCH ao 14,9%. 

Koahhgctbo boaw, npoHHKaiOLuen Mepe 3 ancTBeHHyio KpOHy, b TeneHne nepnoAa uccae- 
AOBaHHH cocTaBnao b cpeAHGM 78,8%. 3a BereTauHOHHbni (aHCTBGHHbin) nepuoA Jieca sto 
K oaiiMecTBO cocTaBnao 75,9%, b to BpeMH KaK b nepuoA noKon (Ge3aHCTBeHHoe coctohhhc) aeca 
— 81,2%. Ha KOAHMeCTBO BOAbI, npOHHKaiOmOH MGpe3 aHCTBGHHyK) KpOHy, BAHfleTTaiOKe BHAO- 
BOH COCTaB H3Ca>KACHHH. 


BejuiMHHa HacbimeHHOCTH JiHCTBeHHoro npyca TaK>Ke 3aBHCHT KaK ot bhaoboto cocTaBa 
AepeBbCB, TaK h ot BpeMeHH ro^a. B BereTauHOHHbiH nepnoA 3Ta BejiHHHHa paBHa 1,45 mm, a b 
6e3JiHCTBeHHbiH nepHOA — 0,85 mm. 

KoJiHMecTBO BOAbi, cTeKaiomeii no cTBOJiaM (stemflow) 3a BereTaunoHHbin nepnoA cocia- 
bhjio b cpeAHeM 2 , 9 %, b 6 e 3 JincTBeHHbin nepnoA — 3 , 9 %, a b TeneHne Beerò roAa nccjieAOBa- 
hha — 3 , 1 %. CreKaHHe boabi no CTBOJiaM HaMHHaeTCB TOJibKo b cjiynae BbinaAeHHA ao>kah 
Bblllie 5 MM. 


^EflCTBME 3ATOnjlHK)ll^ErO OPOUJEHHH HA HCFIAPEHHE BO^bl PACTEHMflMM 

KYKypy3bi nPH xibyx cnocobAx chab>kehmh nnTATEjibHbiMH 

BELUECTBAMH 
LU. CJ10BAK 

Abtop H3yna^ aghctbhc 3aTonjifliomero opoiueHHH Ha TpaHcnnpauHio pacTeHHH Kyi<ypy- 
3bl H yCTaHOBHJl, MTO BOAa BbI3bIBaeT THHJIb KOpHCH H yBAAaHHC, BCJlCACTBHe Hd O HaGjIlOAaeTCA 
3HaHHTejibHoe yMeHbuieHHe ncnapenun BOAbi. yMeHbuieHne ncnapeHHH BOAbi BCJieACTBne 3aT0- 
njiHiOLnero opouieHHB Gmjio 3H3MHTejibH0 Gombine nocjie npeABapHTejibHoro ncKyccTBenHoro 
yAoGpeHiin, hcm 6e3 yAoGpeHHH. 


nAPAMETPbl POCTA LAR, RGR n NAR no ME>K^yY3J1M fl M PACTEHMfi; YPO>KAfì 
M nPO^YKUMH SOHPHblX MACEJI PIMPINELLA ANISUM nPH CPOKAX nOCEBA 

fi. CyfìKO-JIAUA, 3. CEM h Sì. XOPHOK 

Ha ocHOBe (JjeHOMeTpHMecKoro nccjieAOBaHHA h aHajiH3a pocTa OTACJibHbix MOKAyyajinn 
npn cpoKa noceBa aHnca mo>kho ycTanoBHTb, mto b npeAenax OTAejibHbix pacTeHHH, b ot- 
HOiueHHH napaMeTpoB pocTa, a Taione Me>KAy pa3JiHMHbiMH napaMeTpaMn HaGjnoAaioTCH 3Ha- 
HHTCJIbHblC OTKJIOHeHHA. OtKJIOHCHHB MO>KHO CBH3aTb C B03paCT0M H JI0KaJIH3aUHeH Me>KAy- 
y3Jinn — b KanecTBe pacTHTejibHbix (JiaicropoB —, n omacrn n ycjiOBHBMH BHeuiHen cpeAbi. 
npOAyKTHBHOCTb H ee pa3JlHHHA MO>KHO OTHCCTH OTMaCTH K (J)ai<TOpaM MOp(J)OJIOrHHeCKOrO xapaK- 
Tepa H OTMaCTH K (J)H3H0JI0rHMeCKHM OTKJlOHeHHHM aKTHBHOCTH. HOA BJlHflHHCM OTAejIbHblX ap- 
XHTeKTypHbix ajieMeHTOB, Hanp. HHTCHCHBHoro pocTa Gokobux noGeroB, MoryT nojiywaTbCfl 
BejlHHHHbl RGR CO 3H3K0M MHHyC, BOnpCKH HapaCTaHHK) BejIHHHH LAR. 

Ha noBbimeHHbiH BpeAHbin 3(|)(J)eKT hjih 3(J)(J)eKTbi (JjaKTopoB cpeAbi Moryr pearnpoBaTb Bce 
npneyTCTByiOLUHe nonyjimjHH bha 3, He3aBncnM0 ot BpeMeHH noceBa h ot CTaAHH pa3BHTHA. 

CorjiacHO pe3yabTaTaM aHajinaa pocTa, Muoia Me>KAyy3JTHH n H3MepeHHH ypo>Kan, co- 
Acp>KaHHH h cocTaBa 3(J)HpHbix Macen, npn no3AHeM noceBe HaGjnoAaeTCH yKopoMemie BereTa- 
unoHHoro nepHOAa aHnca n, b npeAejiax stoto, Taione OTACJibHbix CTaAen 0HT0reHe3a. napaji- 
jiejibHO c 3thm noHH>KaeTCB npe>KAe Beerò mhcjio apxnTeKTypHbix ajieMCHTOB, Gokobhx bohth- 
kob. ^ajibnenmHe CTyneHH 03H3Mai0T yRoponeHne Me>KAyy3JiHH rjiaBHoro noGera, a 33tcm 
yMeHbineHHe hx HHCJia. B cootbctctbhh c 3Thm b 3HaMHTejibHon Mepe yMeHbiiiaeTcn Taione npo- 

AyKTHBHOCTb H ypO>K3H paCTeHHH. 

Pa3HHBa BereTanHOHHoro nepnoAa Haca>nACHHH c HanMeHbmnM h Hanno3AHHM cpoKOM 
noceBa cocTaBjiHeT 77 ahch (27,1%), pa3Hima ypo>nan — 87,4% h yMeHbiueHne HanonjieHHH 
3(J)HpHbix Maceji — 29,6%. 


H3YMEHHE JIOKAJ1M3AHMM SOMPHOTO MACJIA C HOMOLUbK) 2- 14 C-ALITATA 
HATPMfl B TKAHHX JlHCTbEB SALVIA SCLAREA L. H B TKAHflX JlHCTbEB H 
UBETOHOCHblX CTEBEJlbKOB SALVIA OFFICINALIS L. 

r. BEP3AP-nETPH h M. TEH 

ABTOpbi npoBOAHJin c rioMoiubio 2- 14 C-aueTaTa HaTpun n HeaKTHBHbix rncTOxnMHMecKHx 
MeTOAOB cpaBHHTeabHoe HccjieAOBaHHe GH0CHHTe3a h jiOKajiH3aunn 3(J)HpHoro Macjia, BbiHBJieH- 
Horo hmh b npe>KHeH GnoxHMHHecKOH paGoTe (1974 r.). Ohm ycTaHaBJiHBaiOT, mto ycjiOBHA 
JI0KaJlH3aUHH >Kejie3HCTbIX H nOKpOBHblX BOJIOCKOB pa3JTHMHbl H, CJieAOBaTCJlbHO, HX (J)yHKHHH 
T3K>Ke pa3J!HHHbI. 


AHOMAJ1HM YCTbMU B BnH^EPMHCE JIMCTbEB KYKyPy3bI (ZEA MAYS) 

3. 111. BOJ1MAHCKH h T. TyPMAHbH 

Pa3JiHMHbie ciHOMaJMH ycTbHi; HaGjiiOAajiHCb aBTopaMH KaK b anHAepMuce AHCTbeB copia 
KyKypy3bi «Fehér mazsola» TaK, h b anHAepMHce jincTbeB KOHTpojibHbix h oGjiyqeHHbix pac¬ 
TeHHH HHGpeAHOH ahhhh «WF 9». Y pacTeHHH copia «Fehér mazsola» TOAbKO npn Aoaax 3000 
h 5000 peHTreH Gbma oGHapy>KeHa AetfopMauHH ycTbnu, hhcjio h pa3HOoGpa3ne (JjopM ko- 
Topbix GbiJio MCHbuie, mcm y BHyTpncopTOBOH jihhhh «WF 9». ,Ue<})opMauHfl ycTbHu, b nepByio 
OMepeAb, B03HHKAa b anHAepMHce BepxHHx AHCTbeB. OHa He Gbuia CBH3aHa c KaKHMH-HHGyAb 
ApyrHMH BHeiliHHMH HAH BHyTpeHHHMH AetJjOpMaLJHflMH. EOJlblIIHHCTBO 3THX aHOMaJIHH GblJIO 
oimcaHO y pa3JiHMHbix rpynn pacTeHHH, ho AaHHbie, KacaioinHecfl ceMencTBa 3AaK0Bbix b 
AHTepaType HafiTH He yAajiocb. 
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iActa Botanica » ny6jiHKyioT TpaKTaTbi H3 o6jiacTH 6oTaHHKH Ha pyccKOM, aHrjiHHCKOM, 
(})paHUy3CK0M H HeMeitKOM H3UKaX. 

tActa Botanica » bmxoaht OTflejibHtiMH BbinycKaMH pa3Horo o6beMa. HecKOJibKO 
BbinyCKOB COCTaBJlBIOT OAHH TOM. 

npeAHasHaneHHbie rjih nyOiiHKaijHH pyKonncn CAeAyeT HanpaBAHTb no aApecy: 

Acta Botanica % Budapest 502 % Postafiók 24. 
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NEW PLANTS IN CUBA IV 

By 

A. Borhidi 

BOTANICAL GARDEN OF THE EÒTVOS L. UNIVERSITY, BUDAPEST 
and 

O. Muniz 

BOTANICAL INSTITUTE OF THE ACADEMY OF SCIENCES OF CUBA. HABANA 
(Received July 10, 1975) 


The present study contains thè descriptions of 21 taxa new to Science, as fol- 
lows: Polygonaceae: Coccoloba (1 sp.); Euphorbiaceae: Leucocroton (1 sp.); Sapindaceae: 
Thouinia (1 sp.); Celastraceae: Crossopetalum (1 ssp., 1 var.); Rhaninaceae: Auero- 
dendron (1 var.), Reynosia (1 sp.); Corabretaceae: Terminalia (1 sp.), Bucida (1 sp.): 
Myrtaceae: Psidium (1 sp.), Calycorectes (1 sp.), Pimenta (1 sp.), Myrcia (1 sp.), Myrtus 
(1 sp., 1 hybr.). Eugenia (1 sp.); Melastoniataceae: Calycogonium (1 sp.): Sapotaceae: 
Bumelia (1 sp.): Scrophulariaceae: Bacopa (1 sp.): Rubiaceae: Schmidtottia (1 var.), 
Rondeletia (1 sp.). 


Fam.; Polygonaceae 
Coccoloba munizii Borhidi sp. nova 

Arbor ad 8—9 m alta, parum ramificata (Alain). Rami ad nodos dilatati v. parum 
incrassati glabri. Ochreae 5—10 min longae, glabrae, postremo lignescentes. Folia glabra 
crasse et rigide coriaceae, petiolis 8 —12 min longis, 4 — 7 mm crassis, supra late sulcatis suf- 
fulta, orbicularia vel levissime obovata, basi profunde cordata, reniformia vel auriculata. 
apice truncata vel rotundata. 7—15 cin longa et 5.5—12 cm lata, nervo medio utrinque cras- 
siuscule prominente, lateralibus utroque latere 6—9 utrinque prominulis, supra dense, subtus 
laxe reticulato-venosis, supra nitidula, subtus opaca, punctis grandibus utrinque laxe dispo¬ 
sila, margine subintegra, incrassata, plana. Inflorescentiae laterales solitariae vel terminales 
1—3, 2—10 mm longe pedunculatae, inultiflorae; rhachis 5—10 cm longa, 2—5 mm crassa, 
glabra, angulatostriata. Flores masculini ad 2, purpurei, pedicellis ad 0.5 mm longis, ochreolae 
2 mm longae, purpureae. galbrae, margine membranaceae, extus punctatae. Perianthii mascu¬ 
lini tubus 1 mm longus, lobi ovati vel obovati, 2—2.5 mm longi, purpurei, glabri, extus punc- 
tati. Stamina 2.5 mm longa, filamenta subulata, glabra, ad 2 mm longa, antherae suborbicu- 
lares ad 0.5 mm longae. Ovarii rudimentum compressum vel leviter trigonum, 0.6 mm longum, 
Stylus rudimentarius 1, ad 1 mm longus. Fructus non visus. 


Holotypus: Alain 7571; Prov. Oriente; in fruticetis serpentinosis ad 
Ermita, N. de Yunque de Baracoa in 150 m.s.m. Leg.: Acuna, Alain et Ramos 
15. jan. 1960 

Obs.: C. baracoènsis 0. C. Schmidt affinis, quae ramis petiolisque pilosis, 
foliis minoribus, nervis lateralibus supra inconspicuis, subtus dense glandu- 
loso-punctatis, inflorescentia tenui pilosa omnino differt. C. uvifera et C. 
northropiae pedunculis ochreolas superantibus, inflorescentiis pilosis dare 
discrepant. 


1 
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Fam.: Euphorbiaceae 
Leucocroton moncadae Borhidi sp. nova 

Arbor ad 8 m alta. Cacumen oblongatum. Rami vetustiores virides, lenticellis linearibus 
obsiti, hornotini pilis multiradiatis perbrevibus flavido-toinentosi. Folia petiolis 1 — 2.5 cm 
longis, supra planis vel apicem versus tenuiter sulcatis, ad 3 mm latis, flavido-tomentosis, 
basi insertis suffulta, elliptica, obovata vel oblongo-elliptica, basi rotundata vel subcordata, 
apice rotundata vel breviter acuminata, obtusa vel leviter emarginata, 5 — 14 cm longa, 
2—6.5 cm lata basi 3-nervia; nervis supra impressis, subtus prominentibus et venis subhori- 
zontalibus anastomosantibus, lateralibus utroque latere 3 5 basalibus apicem versus arcuatis 

ante marginein conjunctis; supra glabra, nitida, viridia, subtus inter nervos pilis radiatis 
minutissimis albis adpresse tomentosa, ad nervos pilis stellatis flavidis sparsis obtecta, albi- 
cantia; margine integra, plana vel tenuiter recurva, subcoriacea. Inflorescentiae inasculae 
laterales vel axillares, solitariae, 1.5—6.5 cm longae, 0.5—2 cm longe pedunculatae, multi- 
florae, pube ramorum. Flores in racemo laxe dispositi sessiles, 3-bracteatae; bractea inferior 
oblongo-triangularis 2 mm longa, laterales 1 mm longae, pedicelli nulli. Alabastra globosa, 
apiculata, 3 mm longa, sepala 4, triangulari-ovata, acuta, fulvo- vel ferrugineo-tomentosa, 
intus albo-villosa. Stamina 18—28, filamenta basi connata, 1 mm longa, glabra, in disco vil¬ 
loso inserta, antherae oblongo-ovatae, 2 mm longae, luteae. Inflorescentiae femineae in axillis 
solitariae, 2—3 cm longae, 1-florae. Pedunculus flavo stellato-tomentosus, bracteis sterilibus 
late triangularibus, 1—2 mm longis crassisque laxe dispositis, suffultus. Flos terminalis sessi- 
lis, sepala 5, oblongo-ovata, 3—3.5 mm longa, apice rotundata, extus pilis stellatis rufis, 
intus pilis albidis dense tomentosa. Capsula tricocca, globosa, 8— 10 mm longa, adpresse 
flavido-tomentosa. Semina nigra, 5—6 mm in diametro. 


Holotypus: 27688/A SV; Prov. Habana; in silvis fruticosis serpentinosis 
montis Lorna de Coca pr. pag. Campo Florido. Leg.: A. Borhidi et M. Mon- 
cada; 12. nov. 1974. Ibidem 27688/B, 27688/C; isotypi in SY et Bp. — Prov. 
Las Villas: Presa Grande cerca de la Presa de Agabama, E. Del Risco 27315 
SV; Prov. Camagiiey: La Ciega, Caobilla, Acuna 4414, 14534! 

Obs.: Habitu L. virentis Griseb. affinis, qui foliis cliartaceis, subtus stel- 
lato-pilosis, pallide viridibus, inflorescentia mascula brevi gloinerata, albo- 
tomentosula, staminibus 8—12 optime differt. 


Fani.: Sapindaceae 

Thouinia acunae Borhidi et Muniz sp. nova 

Frutex vel arbor parva, 2—3 m alta. Rami hornotini teretes, dense flavo-pubescentes. 
Internodia 3—10 mm longa. Folia 1-foliolata resp. simplicia ad apicem ramorum manifeste 
conferta, petiolis 2—5 mm longis flavo-pubescentibus suffulta, orbicularia vel late obovata, 
2,5—4,5 cm longa, 2—3,5 cm lata, basi obtusa, rotundata v. subcordata, apice truncata et 
spinuloso-mucronata, margine regulariter spinuloso-dentata, dentibus utroque latere 8—11, 
nervo medio supra in sulco proininulo, subtus arcte prominente, lateralibus utroque latere 
8—11 utrinque prominentibus et reticulato venosa, supra ad nervos sparse pilosa, subtus 
ad nervos pilis patentibus flavo-puberula, in axillis nervorum non barbata, inter nervos gian¬ 
duia ininutis brunneis prominentibus punctata, manifeste bullata, coriacea. Cetera non visa. 


Holotypus: Alain 7391; Prov. Oriente; in saxosis calcareis ad Florida 
Bianca pr. pag. Alto Songo 450 m.s.m. Leg.: Acuna, Alain et M. Lopez 
Figueiras, 10. ian. 1960. LS; isotypus: SV. 
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Farri.: Celastraceae 

Crossopetalum ternifolium (Urli.) Alain 
ssp. moaénse Borhidi et Muniz ssp. nova 

A typo differt: foliis majoribus, 2—3.5 cm longis, 1.5—3 cm latis, nervis lateralibus 
utroque latere 12—16, dentibus lateralibus 4— 8, peduncuìis 1.5—4 cm longis, patenti-pube- 
rulis. 


Holotypus: Alain 1030; Prov. Oriente; Moa: Pinar de la Esmeralda, 
Sur de Cananova. Leg.: Alain, Clemente et Crisógone, 21. jul. 1949. LS; 
isotypi: LS et SV. 


Crossopetalum rostratuni (Urb.) Roth 
var. granclifolium Borhidi et Muniz var. nova 

A typo differt: foliis 4—8 mm longis, lobis lateralibus utroque latere 8—12, subtus 
breviter adpresse pilosus. 

Holotypus: Leon 13210; Prov. Pinar del Rio; Sierra del Rosario: Loma 
Pelada de Buenavista de Cayajabos. Leg.: Leon, 20. dee. 1927; LS. Isotypi: 
LS, SV. 


Fam.: Rhamnaceae 

Auerodendron cubense (Britt. et Wils.) Urb. 
var. niaisiana Borhidi et Muniz var. nova 

A typo differt: foliis late obovatis vel suborbicularibus, apice profunde excisis, pedun- 
culis brevioribus. 

Typus: Alain 7037; Prov. Oriente, Mesa de Lindero, Maisi; Leg.: 30. dee. 
1957. Alain et Lopez Figueiras. LS. — Specim. exam.: Llano de Maisi, 
Alain 7078; Mesa de Chivo, Maisi, Leon, Marie-Victorin et Carabia 17158; 
Monte Cristo, Jauco, Acuna et Barreto 17455. 


Reynosia moaensis Borhidi et Muniz sp. nova 

Arbor parva. Rami hornotini angulati, glabri, internodiis 1—2 cm longiis. Stipulae 
triangulares integrae, 0.5—0.7 mm longae, margine ferrugineo-pilosae, caducae. Folia oppo- 
sita, 4—8 mm longe petiolata, elliptica vel ovata, apice rotundata et emarginata, basi obtusa, 
rotundata vel truncata, 3.5—6 cm longa, 2—4 cm lata, nervo medio supra impresso, subtus 
prominente, lateralibus supra prominentibus et utrinque reticulatis, margine integra, plana, 
vel tenuiter recurva, chartacea vel subcoriacea. Pedicelli axillares solitarii vel fasciculati, 
fructiferi 7—12 mm longi, 0.3—0.5 mm crassi, erecti, glabri. Alabastra semiglobosa, antice 
panilo convexa et breviter apiculata. Calycis tubus semiglobosus, glaber, 2—3 mm in diain., 
lobi triangulares, acuti et acuminati, apice subulati, 1,5—2 mm longi, intus carinati. Petala 5, 
late obcordata, brevissime stipitata, antice profunde excisa, vix supra 1 mm longa. Stamina 
petala vix superantia, filamenta subulata, 0.7 mm longa, antherae ovatae. Stylus 0.5 mm 
longus, in 1/3 superiore brevissime bilobus. Ovarium ovatum, pseudobiloculare, placentis binis 
juxtapositis non connatis. Ovula in qucque loculo solitaria. Fructus drupaceus, subglocosus, 
1—1.4 cm in diam. Seinen solitarium forma drupae. Endosperinium copiosum, ruminatum. 


1* 
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Holotypus: Clemente 4484; Prov. Oriente; Moa, Mina Narciso, Cayo- 
guàn. Leg.: Clemente et Crisógone, 2. jui. 1945. LS. 

Specim. exam.: Moa: Rio Cayoguàn, Clemente 4487; Clemente, 
Marie-Yictorin et Alain 21631, 21828; Camino Mina Delta, Puente del 
Rio Cayoguàn, Clemente 4602; — Moa: Aeropuerto, Acuna 12547; Caiiete, 
Roig 6599. 

Obs.: R. wrightii (Griseb.) Urb. affinis, quae foliis majoribus, margine 
undulatis, membranaceis vel subchartaceis, pedicellis fructiferis 4 5 mm 

longis et 0.5 0.7 mm crassis, patentibus, fructibus 18 -22 mm in diam. 

dare differt. 


Fam.: Combretaceae 

Terniinalia pachystyla Borhidi sp. nova 

Arbor parva, ad 8—10 m alta. Rami hornotini teretes, striati glabri. Folia alterna vel 
subopposita, 0.5—2 cm longe petiolata, petiolis striatis, supra tenuiter canaliculatis, glabris, 
obovata vel oblongo-obovata, 4 —12 cm longa, 2.5—4 cm lata, apice rotundata vel truncata, 
pleruinque leviter emarginata, basi longe angustata, glandnlis 2, inarginalibus praedita, nervo 
medio supra proininulo, subtus prominente, lateralibus utroque latere 6—9 utrinque promi- 
nulis, ad marginem anastoinosantibus. Limbus supra viridis, nitidus, subtus pallidior, utrin¬ 
que glaber, chartaceus vel subcoriaceus, margine integer, recurvus. Inflorescentiae terminales 
racemosae, dense multiflorae, 5—8 cm longae, glabrae. Hypanthium 3—4 mm longum, gla- 
brum, calycis tubus 5— 6 mm latum, 4 mm longum, lobi 2.5—3 mm longi, extus glabri, intus 
ferrugineo-puberuli, basi dilatati, 3 mm lati, antice abrupte angustati et apiculati. apice obtusi. 
Discus ferrugineo-villosus. Stamina 10 in seriebus 2, filarnenta inaequalia, glabra, 6—8 mm 
longa, e tubo calycis longe exserta. Stylus erectus, crassus, valde exsertus 10—12 mm longus, 
stamina longe superans, 1—2 mm in diam., cylindricus, apicem versus leviter angustatus, 
quasi per totain longitudinem ferrugineo-pubescens, apice truncata 1 mm longe glaber. 

Holotypus: Alain 5368; Prov. Oriente; Sierra del Cristal; Loma de los 
Mulos supra opp. Nicaro. Leg.: Acuna, Alain et Lopez Figueiras, 2 7. apr. 

1956. SV; isotypus: LS. 

Specim. exam.: Sierra del Cristal, Rio La Ceiba, Nicaro. Leg.: G. Budow- 
ski 19585 SV. 

Obs.: Habitu T. orientensis Monachino valde affinis, quae floribus mino- 
ribus, lobis calycis triangularibus, staminis stylum superantibus, stylo 5 mm 
longo, medio latissimo, inferne ferrugineo-villoso statim discernenda. 


Bucida palustris Borhidi et Muniz sp. nova 

Arbor usque 12—15 m alta, cacumen umbraculiforme, rami ascendentes vel horizon- 
taliter elati, apice spinis 2—3 terminalibus 5—15 mm longis. Folia conferta, 2 4 mm longe 
petiolata, petiolis adpresse puberulis, oblongo-obovata, 1.5—3.5 cm longa, 5 15 mm lata, 

apice rotundata vel truncata, plerumque emarginata, basi cuneata et in petioluin contracta, 
2 glandulas obsoletas gerentia, utrinque glabra, chartacea. Inflorescentiae terminales vel axil- 
lares 1—5, subcapitato-racemosae, 2—4 cm longae, albo-strigillosae vel glabrescentes, 7—13- 
florae. Pedunculus foliis aequilongus, sericeo-albo-puberulus, postremo glabrescens vel glaber. 
Flores ad apicem rhachidis confertae. Bracteolae ovatae, 1 mm longae, glabrae. Hypanthium 
cum rhachide dense et adpresse albo-strigillosum, in anthesi 2 —2,5 mm longum. Tubus calycis 
late campanulatus, 2—2.5 mm longus et 3 mm latus, extus pilis albo-sericei sparse et adpresse 
pilosus vel glabrescens, intus longe albo-villosus. Lobi calycis late triangulares. Stamina 10 in 
seriebus 2, 4—5 mm longa, e calyce longe exserta. Stylus 4 mm longus, exsertus, quasi per 
totam longitudinem villosus, apice rectus. Fructus 4—5 mm longus, albo-sericeus. 
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Holotypus: Prov. Matanzas; Peninsula Zapata in silvis paludosis pr. 
pag. Guamutal. Leg.: A. Borhidi, E. Del Risco et R. Oviedo, apr. 1975. 
SV; isotypi: SV, Bp. 

Obs.: B. subinermis Bisse affinis, quae foliis subsessilibus, inflorescen- 
tiis glabris, tubo calycis utrinque glabro bene differt. 


Fam.: Myrtaceae 

Psidium munizianuni Borhidi sp. nova 

Frutex 1—2 m altus. Rami hornotini leviter compressi, glaberrimi, nitidi, glandulis 
dissitis granulati. Folia 2—4 mm longe petiolata, petiolis 1.5 —2 mm crassis, nitidis, glabris, 
glanduloso-rugosis; ovata vel late elliptica, basi truncata vel leviter rotundata, apice rotundata 
et emarginata. 3—5.5 cm longa, 2—3.5 cm lata, nervo medio appianato vel leviter prominulo, 
fiavido, lateralibus utroque latere 7— 10 sub angulo 75—80° abeuntibus, supra ± prominulis 
et anastomosantibus, subtus prominentibus et reticulatis, margine irregulariter crenulata et 
leviter recurva, utrinque glandulis nitidis prominentibus pellucidis punctata, supra glabra 
nitida, subtus opaca, glaberrima, flavicantia, coriacea. Pedunculi axillares 2—3 cm longi, 
1-fiori, glabri. Calycis tubus obovatus, glaber. glandulis impressis punctatus, 4—5 mm longus 
et 3 mm latus, basin prophvllis 2 caducis. Lobi 4, liberi, oblongo-ovati, 3—4 mm longi, basi 
2.5—3 mm lati, apice rotundati, utrinque giandulosi et glabri. Petala staininaque non visa. 
Ovarium superne valde concavum. Bacca non pieno matura ovata, 6—7 min longa, 4—5 mm 
crassa, nigra, glabra, 2-locularis. Semina 4—5, ± ovata. 

Holotypus: Alain 6805; Prov. Habana; in fruticetis litoralibus La Rotila 
pr. pag. Santa Cruz del Norte, 10. oct. 1959. LS. 

Obs.: P. crenulati Urb. et Ekm. affinis, quod ramis hornotinis teretibus, 
patenti-pilosis, foliis 1 2 mm longe petiolatis, subtus pilosulis, pedicellis 

4 15 mm longis dare differt. 


Calycorectes nioana Borhidi et Muniz sp. nova 

Frutex vel arbor parva. Rami hornotini anguste 4-alati, glabri. Folia petiolis pilosulis 
1—3 mm longe petiolata, opposita, elliptica vel ovata, 1.2—3.5 cm longa, 0.7—2 cm lata, 
basi obtusa vel rotundata, rariter cuneata, apice obtusa vel breviter acuminata, nervo medio 
supra impresso, subtus inferne prominente, apicem versus appianato, leviter impresso vel 
evanescente, lateralibus utrinque nullis, vel subtus 8 —12 vix conspicuis. Limbus ± rugulosus, 
supra dense et minutissime, vix conspicue impresso-punctatus. subtus punctis pellucidis sparsis 
vix conspicuis obsitus: supra in sicco olivaceus, subtus brunneus, utrinque nitidus, crasse 
coriaceus, margine revolutus. Flores in axillis foliorum 1—2. Pedicelli 4—12 mm longi, glandu- 
loso-granulati. Prophylla 2, linearia, 1—1,5 mm longa, caduca. Calycis tubus cylindricus, non 
turbinatus, sub lobis non constrictus. Alabastrum semiglobosum, piane clausuin. in apiculum 
brevissimum contractum, sub anthesi in lobos 4 (rarissime 5) subaequales, ovatos, apiculatos, 
margine incrassatos, 3.5—4 mm longos valvatiin disruptum. Petala 4, sepalis ± aequilonga, 
orbicularia, 4—5 mm longa et lata, margine glabra. Stamina toro brevissime piloso 4-seriuxim 
inserta: filamenta filiforinia, apice subulata, 3 mm longa, antherae obovatae. Stylus 5 mm 
longus, superne vix attenuatus: stigma parvum, convexum, stylo aequicrassum. Ovarium 
vertice planum, glabrum, 2-loeulare. Ovula in quoque loculo 6- 8, reniformia, columna centrali 
affixa. Semina 2. 

Holotypus: Acuna 13257; Prov. Oriente; Moa: Mina Franklyn; 10. nov. 
1945. SV. 

Specim. exam.: Moa: Cerro Miraflores, A. Borhidi, R. Capote et R. 
Oviedo, 12. sept. 1974. Camino de Mina Johnston, Acuna 13251; Leon 
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et Clemente 23216. Mina Franklyn, Leon et Clemente 23353, Leon, 
Clemente et Nestor 5537; — Mina Delta, Leon, Clemente, Nestor et 
Crisógone 4522; Monte La Brena, Clemente 4964; Piedra la Vela, 
Sierra de Moa, Alain 3384. 

Obs.: C. ekmanii Urb. affinis, quae ramis hornotinis pilosis, foliis snbtus 
eglandulosis, floribus 1 — 2 mm longe pedicellatis, plerumque 5-meris, calycis 
tubo breviter turbinato omnino differt. 


Pimenta (Myrtekniania) moaensis Borhidi et Muniz sp. nova 

Arbor parva ad 2—4 m alta. Rami hornotini ad gemmas apicales tantum ferrugineo- 
pilosi, ceterum glabri, teretes, glanduloso-granulati, rufi, vetustiores cinerascentes. Folia 
4—7 mm longe petiolata, elliptica vel leviter obovata, basi cuneata et in petiolum contracta, 
antice rotundata vel obtusa, minute emarginata, 2.5—4 (—5) cm lunga, 1—2 cm lata, nervis 
utrinque reticulato-conjunctis, utrinque inaequaliter rufo vel brunneo-punctata, glabra, 
coriacea, margine integra et tenuiter recurva. Inflorescentiae axillares cymosae, 3—9-florae. 
Pedunculus filiformis, 1—2.2 cm longus, 0.2—0.3 mm crassus. Prophylla nulla, pedicelli ter- 
minales 3—5 mm longi, lateralibus ± aequilongi, basi ferrugineo-puberuli. Calyx dense glandu- 
loso-granulatus; tubus obconicus, glaber, supra ovarium non productus; lobi 4, liberi, in aesti- 
vatione valvati, suborbiculares, 0.7—0.8 mm longi, concavi, margine cibati, extus glabri et 
glandulosi, intus ferrugineo-puberuli. Petala 4, orbicularia, vix stipitata, 1.5 mm in diam. 
glandulosa. Receptaculum manifeste ampliatum, densissime ferrugineo-pubescens. Stamina 
pluriseriata; filainenta 1.5—2 mm longa, antherae subquadratae. Ovarium apice usque ad 
receptaculum productuin, vertice planum, 1-loculare. Ovula 2, sub apice cavitatis pendula 

Holotypus: Leon 23257; Prov. Oriente; Playa de Moa, 22. jul. 1947. 
Leg.: Leon et Clemente; LS. 

Specim. exam.: Playa de Moa, Clemente 5564; — Pinares de Puerto 
de Moa, Leon 22516. 

Obs.: Myrtekmaniae filipedis Urb. affinis, quae foliis 12 min longe 
petiolatis, 1 1.8 cm longis, inflorescentia 3-flora, floribus terminalibus sessi- 

libusque optime differt. 


Myrcia (Mozartia) pineticola Borhidi et Muniz sp. nova 

Arbor parva ad 3— 4 m alta. Rami hornotini leviter compressi, glandulosi. Folia petiolis 
5—7 mm longis, supra profunde sulcatis suffulta, elliptica vel oblongo-ovata, basi acuta, apice 
obtusa vel rotundata et emarginata, 3.5—6.5 cm longa, 1.2— 3 cm lata, nervo medio supra 
impresso vel apicem versus prominulo, lateralibus utroque latere in reticulo prominente vix 
distinctis 10—15, utrinque prominentibus, supra pallide viridia et dense nigro-punctata, 
subtus glandulis brunneis pellucidis et transparentibus abunde obtecta, pallidiora, rigide 
coriacea. Inflorescentiae axillares et ex internodiis sine folio materno prodeuntes, pedunculis 
2—3 cm longis, tenuibus, superne 0.3 mm latis, cymosae 1—3-florae; bracteae nullae. Pedicelli 
terminales nulli vel subnulli, laterales 4—7 mm longi: prophylla nulla. Baccae sphaeroideae vel 
ovatae, 6—9 mm longae et 4—6 mm latae, glanduloso-granulatae, glabrae, lobis calycinis 4, 
ovatis, 1.5 mm longis margine pilosis, persistentibus coronatae, 1-loculares, 1-spermae. Semina 
rotundata, convexa, brunnea, in apice baccae affixa, rugulosa, 4—5 mm in diam. Testa mem¬ 
branacea, embryo glanduloso-punctatus. 

Holotypus: 27691 SV; Prov. Oriente; Moa: in pinetis montis Cerro Mira- 
flores. 12. sept. 1974. Leg.: A. Borhidi, R. Capote, R. Oviedo. 
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Obs.: Myrciae emarginatele (Mold.) Alain affinis, quae foliis eglandulosis, 
pedunculis 1.5 2 cm longis, pediccllis lateralibus subnullis, floribus fructibus- 

que basi prophylla gerentibus, baccis usque 6 inni longis dare differt. 


Myrtus acuirne Borhidi et Muniz sp. nova 

Frutex vel arbor parva, 2—3 m alta. Rami hornotini leviter compressi, minute cinereo- 
puberuli, rariter glabrescentes. Folia 3—5 mm longe petiolata, petiolis puberulis, ovata vel 
oblongo-cordiformia, basi cordata, vel rotundata, apice obtusa vel rotundata, rariter acu- 
tiuscula, 1.5—4 cm longa, 1 2.5 cm lata, nervo medio supra prominente et inferne piloso, 

subtus crassiuscule prominente, lateralibus utroque latere 6—9 manifeste prominentibus et 
reticulato-anastomosantibus, reticulo supra bene conspicuo et tenuiter proininulo, subtus 
crassiuscule prominente, glandulis densis utrinque prominulis, saepe translucidis obsita. 
margine incrassata, integra et tenuiter revoluta, supra nitentia, utrinque viridia vel supra 
flavicantia, subtus brunnescentia, rigide et crasse coriacea. Flores ex axillis euphyllorum vel 
basi rainulorum in axillis braetearum obovatarum solitarii vel fasciculati. Pedunculi 1-flori, 
1—2 cm longi, striati, glabri vel basi pilosuli. Prophylla sub calyce 1 — 1.5 mm longa, acuta, 
pilosa, decidua. Calycis tubus obovatus. glaber, lobi 4, in alabastro tenuiter imbricati, liberi, 
inaequimagni, late ovati, antice rotundati vel breviter acuti 2—3 mm longi, glanduloso- 
punctati, glabri. Petala 4, orbicularia, 3.5—4 mm longa, eglandulosa, glabra. Receptaculum 
pilosum. Filamenta pluriseriata, filiformia, glabra, 4 mm longa; antherae 0.5 mm longae, 
subquadratae. Stylus 4 mm longus, 0.5 mm crassus, glandulosus. Stigma convexum. brevis¬ 
sime bilobatum. Ovarium 2-loculare; ovula in quoque loculo 10—14 cc. 4-seriata. Semina 8—12. 

Typus: Acuna 19735 SY; Prov. Oriente; Sierra del Cristal; Loma Esca- 
iera, Nicaro. Leg.: Acuna et Zayas, 26 27. inaj. 1955. Isotypus: Acuna 

19736 SV. 

Specim. exam.: Sierra de Nipe: Loma Bandera; A. Borhidi, R. Capote, 
R. Oviedo, SV; Lopez Figueiras UO 2052; — Loma del Winch; Alain, 
Acuna et Ramos 8047; Lopez Figueiras UO 2568; Cumbre de la Loma 
Mensura, Lopez Figueiras UO 2528; — Salto del Rio Guayabo, Lopez 
Figueiras UO 970. Sierra del Cristal: Saca Lengua, Alain, Acuna et 
Lopez F. 5425; Subida de Serrucho, Alain, Acuna et Lopez Figueiras 
5398. 

Obs.: M. ekmanii Urb. affinis, quae ramulis, petiolis, bracteisque glabris, 
foliis majoribus, basi cuneatis vel obtusis, nervis lateralibus utrinque obsoletis, 
floribus semper solitariis et longiore pedicellatis bene differt. 


Myrtus X miraflorensis Borhidi et Muniz hybr. nova 
(M. ophiticola (Britt. et Wils.) Alain X M. ekmanii Urb.) 

Frutex vel arbor parva. 2—4 m alta. Rami hornotini compressi, pilis simplicibus sparse 
puberulis, 5—8 mm longis, ovata vel elliptica, 3—6 cm longa, 2—3.5 cm lata, basi obtusa, 
antice rotundata et breviter emarginata: nervo medio supra leviter impresso, lateralibus supra 
obsoletis, subtus utroque latere 7—9 sub tomento tenuissimo dare conspicuis et reticulatis, 
folia supra ad nervum medium inferne pilosa, caeterum glabra, nitida et flavicantia, glandulis 
nigrescentibus leviter prominulis obsita, subtus pilis brevissimis cinereo-pubescentia, grisaceo- 
opaca, glandulis nigris prominulis punctata, margine anguste revoluta, coriacea. Flores in 
axillis foliorum, ex axilla bracteae obovatae, 2 mm longae tomentosulae solitarii; pedunculus 
1.5—3.5 mm longus, glanduloso-punctatus et sparse pilosus. Prophylla 2—3 mm longa, glan- 
dulosa et pilosa, patentia, caduca. Calycis tubus obovatus, 5—6 mm longus, puberulus; 
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lobi 4 inaequimagni, in alabastro imbricati, liberi, 3—4 mm longi, margine fimbriati, dorso 
puberuli. Stylus 8 mm longus, glanduloso-punctatus, inferne pilosus, stigma discoideum. 
Ovarium biloculare, ovula cc. 20, semina 4, subreniformia. 

Holotypus: 27676 SY; Prov. Oriente; Moa; Cerro Miraflores. Leg.: 
A. Borhidi, R. Capote, R. Oviedo, 11. sept. 1974. Isotypi: SV., Bp. 

Obs.: Verisimiliter pianta hybrida introgressiva inter areas parentium. 
M. ekmanii Urb. ramis, foliis floribusque glabris, M. ophiticola foliis subtus 
dense tomentosis, glandulis reticulationeque inconspicuis, pedicellis calycibus- 
que dense tomentosis differt. 


Eugenia ramonae Borhidi et Muniz sp. nova 
(E. crenulata Willd. var. cubensis sensu Leon et Alain, non Berg) 

Frutex 2—3 m altus. Rami hornotini teretes, brevissime hirtuli et glandulis prominen- 
tibus granulati. Folia petiolis puberulis et glanduloso-rugosis, 0.5—1.5 mm longe petiolata, bas 
obtusiuscula, apice acuta vel obtusa, plerumque mucronulata et recurva, oblongo-lanceolata, 
6—12 mm longa et 3—5 mm lata; nervo medio supra inferne leviter impresso, antice eva¬ 
nescente, subtus prominente, sub apice leviter impresso, lateralibus utrinque nullis; supra 
impresso-punctata, pallide viridia, glandulis nigris prominulis laxe disposita, pallide glau- 
cescentia, parce adpresse pilosa, margine incrassata, crenulata, apicem versus leviter triden¬ 
tata, late recurva, ideoque naviculiformia. crasse et rigide coriacea. Flores axillares solitarii; 
pedicelli 6 —10 mm longi, patenti-puberuli et glandulosi; prophylla 0.5—1 mm longa, tri- 
angularia, apiculata vel subulata, pilosa et translucide punctata. Lobi calycis 4, triangulares, 
acuti et acuminati, 1—2 mm longi, margine pilosi, translucide glanduloso-punctati. Stylus 
filiformis superne attenuatus, 4 mm longus. Bacca nigra, 5—6 mm in diam., glandulosa, 
superne adpresse pilosa, inferne glabra. Ovarium biloculare, ovulis in quoque loculo 5—7. 
Semen 1, sub apice affixum, ovato-subglobosum, 3—4 mm in diametro. 

Holotypus: 27674 SY; Prov. Oriente; Moa: Playa de Vaca. Leg.: A. Bor- 
iiidi, R. Capote et Ramóna Oviedo, 13. sept. 1974. Isotypus: Bp. 

Obs.: Ex affinitate E. icoodfredianae Urb. quae ramis glabris, foliis 
subtus eglandulosis, margine integris abunde differt. 


Fam.: Melastomataceae 

Calycogonium acunanum Borhidi et Muniz sp. nova 

Arbor parva ad 3—5 m alta. Rami hornotini pilis stellatis dense ferrugineo-tomentosi. 
Folia petiolis angulatis, 6—8 mm longis, pube rainorum: lineari-lanceolata 3-nervia, 3.5—5 cm 
longa, 8—12 mm lata, basi angustata vel obtusa, antice longe angustata, obtusiuscula, apice 
ipso mucronato-acuta, plerumque recurva: supra in statu iuvenili stellato-tomentosa, inox 
glabra, viridia, nitida, foveolata, subtus pilis stellatis flavo-ferrugineis postremo cinereis arcte 
adpressis dense tomentosa; nervo medio supra profunde impresso, subtus crasse prominente, 
apice in mucronem prolongato, marginalibus 2 supra basim 1 mm abeuntibus, supra paullo 
mpressis, subtus prominulis, lepidibus rufescentibus obtectis, apicem versus utrinque eva- 
hiescentibus, secundariis utroque latere 15—18 rectanulari abeuntibus utrinque obsoletis. 
Flores terminales 1—3. pedicellati et bracteati. Bracteae lineari-subulatae, ferrugineo tomen- 
tosae, 7—14 mm longae, caducae. Pedicelli 4-angulati, 3—5 mm longi, 1,5—2 mm crassi. 
Hypanthium fructiferum 8—10 mm longum, 6—7 mm in diam., ferrugineo-stellato-tomento- 
sum, 4-angulatum, postremo cylindricum, supra ovarium contractum. Lobi calycis 4, late 
triangulares, in appendices angulosas, lineari-subulatas, 4—7 mm longas excurrentes. Fructus 
3-locularis, apice 8-angulatus, ferrugineo-puberulus. 
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Holotypus: 27666 SY; Prov. Oriente; Pinares de Moa supra Playa de 
Vaca. Leg.: A. Borhidi, R. Capote, R. Oviedo, 10. sept. 1974. 

Obs.: C. revoluto Alain affinis, cjuod foliis minoribus, 3 5 min longe 

petiolatis, apice obtusis et emarginatis, floribus ebracteatis, sessilibus, appen- 
dicibus calycis 3 — 5 min longis teretibus, fructibusque minoribus differt. 


Fam.: Sapotaceae 
Biunelia acunae Borhidi sp. nova 

Frutex 2—3 m altus. Rami hornotini rufo-puberuh. Folia 0.5—1.5 min longe petiolata, 
obovata ve) late elliptica, 6—15 mm longa, 4—8 min lata, utrinque enervia vel nervo medio 
subtus infeme prominulo, concaviuscula, supra nitida, glabra, subtus pilis rigidis ferrugineis 
vel rufis densissime strigosa postremo glabrescentia, margine integra, recurva, rigide coriacea. 
Flores laterales vel axillares 1—2, pedunculus 1—2 mm longus. Sepala oblongo-ovata vel 
lanceolata, apice acuta vel angustata et obtusa, 3—3.5 inm longa, extus rufo-hirsuta. Corolla 
3.5—4 mm longa. tubus 2.5—3 mm longus, lobi 1—1.5 min longi, cordati, apice acuti vel 
mucronati, sine lobulo laterali. Filamenta nulla, antherae tubo corollae superne adnatae, 
insertae, ovatae, 1 mm longae, apice acutae. Ovariuin 1 mm longum, suborbiculare, glabrum; 
Stylus 1 mm longus, conicus. Drupa globosa, 3.5- 4.5 mm in diam. 

Holotypus: Acuna 13303 SV; Prov. Oriente; Moa: Mina Franklyn. Leg.: 
Acuna, 10. nov. 1945. 

Specim. exam.: Moa, Leg.: José Ferras, 15007 SV; Moa: Mina 
Potosi, Leg.: V. Samek 26821 SV. — Ekman 4034 (ster.) ex pinetis litoralibus 
ad Rio Maravi probabiliter bue pertinet. 

Obs.: B. revolutae Urb. affinis, quae foliis oblongis vel lineari-lanceolatis, 
10 25 mm longis et 2 6 mm latis, 1.5 4 mm longe petiolatis, floribus mino¬ 

ribus, ovario puberulo et drupa minore dare differt. 


Fam.: Scrophulariaceae 
Bacopa minuta Borhidi et Muniz sp. nova 

Pianta glabra, pusilla, caulibus diffusis, prostrato-pulvinatis, nodis radicantibus. Folia 
ovata vel suborbicularia, 1—3 mm longa et 1—2 mm lata, apice rotundata, basi obtusa vel 
leviter cuneata et in petiolum anguste alatum, 1 mm longum, glabrum, basi dilatato-amplexi- 
caulem contracta; nervo medio supra nullo, subtus conspicuo, lateralibus nullis, folia supra 
reticulato-rugulosa, viridia, subtus pallidiora, utrinque glandulis profunde impressis obtecta, 
glabra, margine integra vel leviter crenulata. Flores axillares solitarii, sessiles vel subsessiles. 
Bracteolae 2, obovatae, ad 1 mm longae, calyce paullo breviores. Lobi exteriores calycis inte- 
rioribus latiores, ovati, 1— 1.5 mm longi, interiores oblongi, 2 mm longi, enerves, glabri. Corolla 
calycem paullo superans, 2—2.5 mm longa, alba, utrinque glabra, lobi 5, vix profundi, ± aequi- 
inagni, omnes obovato-subrotundati. Stamina 4, filamenta glabra, antherae subglobosae, 
insertae vel vix exsertae. Pedicellum fructiferuin ad 0.5 mm longum, glabrum. Capsula de- 
hiscens, ovata vel globosa, 1.5 mm in diam., 4-sulcata, stylo elongato, 2 mm longo coronata, 
glabra, eglandulosa. Semina brunnea, nitida, reticulato-rugosa. 

Holotypus: Prov. Oriente: Moa in ripariis humidis serpentinosis ad 
Playa de Vaca. Leg.: A. Borhidi, R. Capote, R. Oviedo, 13. sept. 1974. 
SV; isotypus: Bp. 
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Obs.: B. micromonnieriae (Griseb.) Borhidi affinis, quae floribus coeru- 
leis, 3 — 5 mm longe pedicellatis, folia superantibus, corolla 4— 7 min longa, 
lobis calycis exterioribus majoribus omnino differt. 

Fam.: Rubiaceae 

Schmidtottia cubensis (Britt. et Wils.) Urb. 
var. cristalensis Borhidi et Muniz var. nova 

A typo differt: foliis supra glabrescentibus vel glaberrimis, corolla majore, 3.5—4.5 cm 

longa. 


Holotypus: Alain 5402; Sierra del Cristal, Loma E1 Serrucho. Leg.: 
Acuna, Alain et Lopez Figueiras 2 — 7. apr. 1956. SV; isotypus: LS. 

Specim. exam.: Sierra del Cristal: Sierra Escalera, Nicaro, Acuna et 
Zayas 19805 SV; Rio Lebisa, Lopez Figueiras 194; Loma E1 Serrucho, 
Alain, Acuna et Lopez Figueiras 5403 LS; — Cresta de la Sierra del Cristal, 
Alain et Lopez Figueiras 4821 LS; — Fuente del Rio Lebisa, Ekman 15977. 


Rondeletia susannae Borhidi sp. nova 

Frutex 1 -2 m altus. Rami hornotini pilis brevibus adpressis sericei, apice conferte 
foliosi, vetustiores cicatricibus inter sese 4—5—(10) mm distantibus gibberosi. Stipulae inter- 
petiolares triangulari-subulatae, 3—5 mm longae, acutae et longe mucronatae, patentes. Folia 
4—7 mm longe petiolata, ovata vel elliptica, basi cuneata vel obtusiuscula, apice acuta vel 
brevissime acutiuscula, rariter obtusa, 1.5—5 cm longa, 8—25 mm lata, nervis supra iinpressis, 
subtus prominentibus et reticulatis, supra glabra, nitida, viridia, in sicco plicatula et rugulosa, 
leviter bullata, nigricantia, subtus pilis tenuissimis et minutis densissime pilverulento-tomen- 
tosa, alba, margine plana, coriacea. Flores axillares solitarii, 5-meri, pedicelli 4—7 mm longi. 
Bracteae 2, lineares, 4—5 mm longae, basi connatae. Lobi calycis 5, triangulari-subulati, 
4—5 mm longi, apice obtusi, albo sericeo-tomentosi. Capsula globosa, 4—5 in diam., albo¬ 
tomentosa. 

Holotypus: Prov. Pinar del Rio; Sierra de la Guira: Mogote de la Giiira. 
Leg.: A. Borhidi et E. Del-Risco, 22. nov. 1974. 27695 SV; isotypi: 27696 
SV, Bp. 

Obs.: R. bicolor Britt. floribus 4-meris, R. chamaebuxifolia Griseb. stipu- 
lis brevioribus, foliis angustibus, subtus glabrescentibus, lobi calycis brevibus, 
triangularibus optime differunt. 
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ANATOMICAL INVESTIGATICI 
ON THE GENERATIVE ORGANS 
OF LOTUS CORNICULATUS AGG. 

By 

O. Sz.-Borsos 

BOTANICAL GARDEN OF THE EOTVÓS L. UNIVERSITY, BUDAPEST 

(Received Aprii 7, 1975) 


After having examined thè anatomy of thè flower parts of 7 wild growing and 
3 cultivated Lotus taxa, thè author presents thè characteristic tissue features of thè 
calyx, petals, thè pollen and thè stamen regions, thè pod fruit and thè seed coat in 
thè papilionaceous and pentamerous flower whorl. 

Introduction 

The undertaken investigation on thè primordia and development of 
Lotus corniculatus , of its flower structure, thè fiorai parts and their tissue 
structure in conjunction with thè preceding study on thè vegetative organs 
(Borsos, 1971, 1973 and 1975) brings thè inquiry on thè anatomy of wild 
growing and cultivated taxa of thè bird’s-foot trefoil to a conclusion. The 
present paper summarizes thè results obtained and represents thè completion 
of this study series. 

Of thè pertinent literature, thè work of H. W. Hansen (1953) merits 
special attention who, in a short chapter of liis paper, discussed ohservations 
made on thè taxon Lotus corniculatus var. vulgaris Koch, with respect to thè 
relational aspects between thè development of thè fiorai parts, their embryol- 
ogy and anatomy. 


Material and inethod 

Our investigations concerned several wild growing small species, subspecies and 
varieties as well as convarieties: 


Lotus corniculatus L. ssp. corniculatus var. corniculatus 
Lotus corniculatus L. ssp. corniculatus var. dabasenis 
Lotus corniculatus L. ssp. hirsutus (Koch) Rothm. 

Lotus corniculatus L. ssp. hirsutus var. hirsutus 

Lotus corniculatus L. ssp. hirsutus var. ciliatus 

Lotus corniculatus L. ssp. hirsutus var. pilosus 

Lotus tenuis W. et K. 

Lotus borbasii Ujh. 

Lotus corniculatus cv. Wallace , cv. Viking , cv. Daun. 
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Longitudinal and cross sectional cuts were taken from thè young flower shoot ends 
and buds with thè embedding method (Sarkany and Szalai, 1966), thè preparations were 
studied under light microscope and photographed. 

Discussion and results 

The flower structure of thè bird’s-foot trefoil is papilionaceous. The 
single flowers are in a capitulum, generally 4 6 flowers building one capitu- 

lum. The description of thè anatomical structure of thè fiorai organs, set in 
pentamerous whorls, follows thè order of arrangement by proceeding from thè 
outer members toward thè inner constituents including thè flower axis (see 
Photograph 8, Fig. 1). 



Fig. 1. Diagrammati drawing of cross section of bird's-foot trefoil flower bud; a = calyx, 
b = vexillum, c = wings, d = carina, e = tenth filament, f = 9 adelphous filaments, g = 

carpelluin with ovule primordium 

1. The axis of inflorescence, when viewed in cross section, appears round 
or ovai. The outer tangential celi walls of thè epidermis are thick- 
ened, thè stornata siiglitly recessed. Subepidermally, thè cortex parenchyma is 
about 4 5-seriate whose cells are irregularly formed and in thè tangential 
aspect slightly fiat. This parenchyma tissue contains intercellular spaces and 
cliloroplasts. 

The collateral, open vascular bundles are arranged circularly (cross sec¬ 
tion), in a centrai cylinder bordered by a monoseriate sheatli of large cells. 
Between thè individuai bundles a parenchymatous pith tissue develops whose 
enlarged cells contain intercellulars. 

2. The se pai is similar to thè deciduous lcaf in tissue structure. The cells 
of thè external cpiderm are large, their outer walls incrassate and covered 
by cuticule. The celi walls (superior vicw) of thè hairy-type bird’s-foot trefoil 
(ssp. hirsutus) are slightly sinuous, those of thè narrow-leaved bird’s-foot 
trefoil straight. The epidermal cells on thè inner side are smaller and tangenti- 
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ally elongated. Stornata are present on both sides of thè epidermis. Between 
thè two epidermal layers is thè mesophyll, a spongy parenchyma consisting 
of polygonal cells with a chloroplast content. The tissue cells are arranged 
loosely, their surfaces only partially contiguous on account of large inter- 
cellular passages and air spaces. Around thè main veins thè mesophyll is 
3 4 seriate, but at most 1 2 seriate between thè two epidermal layers at 



Photo 1. Lotus corniculatus ssp. corniculatus , cross section of calyx and petal (3.5x25); 
ce = calyx epiderm, sp = spongy parenchyma. vb = vascular bundle, pe = petal epiderm, 

p = parenchyma, st = starchy cells 

thè parts surrounding thè teeth of thè calyx. A large number of thè mesophyll 
cells contain starch. The collateral vascular bundles are also in thè mesophyll 
(see Photograph 1). 

The sepal structure of Lotus borbasii resembles thè dorsiventral leaf type. 
Over thè inner side of thè epidermis there is a 2 — 3-seriate palisade parenchyma, 
whose radially elongated cells are loosly arranged owing to intercellular spaces 
(see Photograph 2). 

3. The epidermal celi of thè petals are isodiametrical on both sides of 
thè lamella (see Photographs 1 and 5). Along thè border region of thè lamina 
and thè claw of thè vexillum, on thè inner surface and especially on thè in- 
curving sides, thè epidermal cells are papillose (see Photograph 6). Also papil¬ 
lose is thè outer epidermis of thè wing of some types (as in thè varieties of 
L. corri, ssp. hirsutus) (see Photograph 3), furthermore thè epidermis of all 
petals of L. borbasii (see Photograph 4). Stornata are absent from thè epidermis 
of all five petals. The mesophyll is 2 4-seriate, and there are numerous inter¬ 
cellular passages between thè large-sized polygonal parenchyma cells. The 
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Photo 2. Cross section of Lotus borbasii , calyx (3.5 X 25); e = epiderm, st = stoma, vb = 
vascular bundle, sp = spongy parenchyma, pp palisade parenchyma 



Photo 3. Cross section of thè petal (ala) of Lotus corniculatus ssp. hirsutus (3.5 X 25); pa = epi 
derm layer of thè outer side with papillae, e = epiderm 


mcsophyll contains collateral vascular bundles, and cells with a starch content 
are frequent. 

4. The primordia of thè 10 stamens arise from thè finger-like outgiowths 
of thè reproductive growth apex. In thè course of development, first thè 
anther primordium appears, then thè growth of thè basai parts residts in thè 
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Photo 4. Cross section of thè vexillum of Lotus horhasii (3.5x40). Epiderm layer of both 

sides with papillae (pa) 


Photo 5. Cross section detail of Lotus corniculatus ssp. corniculatus , flower with wing and 
carinate petal (3.5x10); Wie = epiderm of wing, p = parenchyma, vb = vascular bundle, 
st = starchy cells, ce = epiderm of carina 


fusion of thè proximal encls of thè 9 filaments. The tenth filament remains 
free between thè carpellum and thè primordium of thè vexillum causing a 
typical diadelphous arrangement of thè stamens. Later thè coalesced base of 
thè filaments elongates and surrounds thè base of thè ovary. The 9 antheras 
become erect and surround thè style. The filament of thè tenth stamen also 
elongates. 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 


236 


BORSOS, O. SZ. 



Photo 6. Cross section of Lotus corniculatus ssp. corniculatus flower: epiderm of vexillum 
with papillae and of thè lOth filament (3.5x25); p parenchyma, ve = epiderm of vexillum. 
pa = papillae. pe = epiderm of pollen, st = starchy cells, vb = vascular bundle 


The epidermis of thè filament is uniseriate, composed of polygonal 
cells radially, its surface comes out with cuticular incrassation and papillae. 
Below thè epidermis is thè 2- 3 ser ate parenchyma ricb in inter- 
cellulars, its cells are polygonal and contain starch. There is a single colla- 
teral vascular bundle centrally (see Pliotograph 6). 

The tissue elements of thè nine diadelphous stamens form an incomplete 
ring or cylinder. In its cross section, thè outer epidermis is sinuously circular, 
thè rectangular cells are slightly elongated radially, their walls are cuticularly 
incrassate and papillose. The inner epidermal cells are tangentially elongated, 
smaller and also cuticularly thickened. Below thè epidermis of thè outer part, 
there is a single layer of regularly arranged cells followed by a parenchyma 
tissue of 2 — 3-seriate larger cells rich in intercellulars. Nine vascular bundles 
run through this tissue, one bundle per one filament. The xylem of thè vascular 
bundles faces thè ovary, thè phloem is oriented outwards. The parenchyma 
tissue (see Photograph 7) contains starch. 
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The exothecium of thè anthers is thè uniseriate epiderm with a papillose 
outer wall. Below this is thè endothecium of a peculiar structure. The cells are 
exceptionally thick, thè radiai walls being of a ribbed incrassation. Inside are 
thè intermediate layer and thè tapetum. Four pollen sacs develop in eacli. 
A vascular bundle runs through thè connective surrounded by a bundle of 
parenchyma. On thè side next to thè adjoining anther, thè cells of thè separat- 
ing wall appear. In thè course of development, thè sporangial wall between 
thè two neighbouring pollen sacs disintegrates and thè mature anthers become 



Photo 7. Cross section of thè adelphous filament (3.5x25); e = epiderm, vb = vascular 

bundle, p — parenchyma 

two wide pollen cayities per anther. The intermediate and thè tapetal layers 
disappear and thè ovai binucleate pollen grains are liberated (see Photo- 
grapli 9). 

5. The innermost, conical meristem of thè reproductive apex gives rise 
to thè carpel primordia. The carpellum develops from a single carpel. The 
epidermis consists of quadratic cells with thickened walls, with cuticular cells 
on its outerpart. Within this, thè mesophyll evolves partly from a single well- 
developed sclerenchymatous celi layer and partly from an inner parenchy- 
matous 4 5-seriate layer. The cells of thè latter are polygonal and rather tightly 
packed with only few intercellular spaces and it contains two large vascular 
bundle groups at thè ventral and one at thè dorsal sutures. The innermost 
epidermis consists of quadratic cells with incrassate walls, though smaller 
tlian those of thè outer epidermis (see Photograph 10). The primordia of thè 
two anatropous ovules adjoin thè ventral suture of thè carpel. 

6. The wall tissue of thè mature pod fruit differentiates as follows (see 
Fig. 2). Externally, thè epicarpium consists of incrassate cells quadratic or 
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Photo 8. Cross section, detail flower of Lotus corniculatus ssp. corniculatus , (3.5x10); ca = 
calyx, ve = vexillum, wi = wing, c = carina, an = anthers, f = filaments, cr = carpellum, 

op - ovule primordium 

slightly elongated tangentially, their outer wall is cuticular. Below this, thè 
mesocarp is composed of large, tangentially elongated cells with a broad 
lumen. Then follows a multiseriate, loose parenchymal zone, rich in inter- 
cellular passages and with collateral vascular hundles displaying a diversified 
decurrence in thè carpellar wall, thus, if viewed in a cross section, a part of 
thè hundles shows a longitudinal course. Along thè ventral suture and above 
thè two groups of vascular hundles, two sclerencliyma hundles are situated, 
while oppositely, along thè corresponding dorsal suture and above thè single 
large vascular bundle, an elongated bundle of sclerenchyma is located. The 
two groups of vascular hundles of thè ventral suture and thè single group 
of hundles of thè dorsal suture — thè main vein of thè carpel — have orig- 
inated from thè fusion of several collateral vascular hundles. At thè inner side 
of thè mesocarp, thè parenchymal zone joins thè multiseriate fibrous scleren¬ 
chyma by radially considerably elongated cells. These fibrous layer cells with 
heavily thickened walls attenuate (in a cross section) at thè dorsal and 
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Photo 10. Cross section, detail of carpellum with ovule primordium (3.5x25); i = integu- 
inentum, f = funiculus, nu = nucellus, es = embryo sac, e = epiderm, sci = sclerenchyma 
bundle, vbg = group of vascular bundles 


ventral sutures. The internai space of thè pod is filled out by thè spongy 
parenchyma tissue, thè seed pad, whose cells surrounding thè ovule primordium 
are radially considerahly elongated. In thè innermost region thè endocarp is 
uniseriate, with a papillose surface. 


2* 
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Fig. 2. Cross section, drawing of fruit wall of bird’s-foot trefoil (120 X); ec epicarpium, 
me = mesocarpium, sci = sclerenchyma bundle, vbg = group of vascular bundles, vb — 
vascular bundles, f = fibrous layer, p = internai parenchyina layer, enc = endocarp 



Fig. 3. Partial view of cross section of seed coat of bird’s-foot trefoil (240 X); cu = cuticule, 
se = subcuticule layer, 11 light line, Me Malpighi cells, il = intermediate layer, osci = 
osteosclereid cells, ni = nutiient layer, cnl collapsed nutrient layer, e = epiderm, sco = 

seed coat. al = aleuron layer 

7. The seed. The cuticule of thè testai epiderm is rather thick and con- 
sists of pectin and cutine (Watson, 1948). The subcuticular layer of thè epi- 
derm forms thè apical part of thè suberine Malpighian cells and contains 
cellulose. The light line is a transparent thin cutine bundle, allowing a view 
of thè longitudinal walls of thè Malpighian cells. Below thè light line, thè 
Malpighian cells are dark yellow, elongate, small in diameter and sliglitly 
intermixed, their slit-like lumina broaden basally. Tliis area is followed by 
thè supporting (intermediate) layer, composed of large, light, quadratic or 
polygonal cells with cuticular walls. The uniseriate osteosclereid cells are 
wide, light, thickened with pectin and cellulose, and displaying narrow inter- 
cellular spaces. Next is thè multiseriate parenchyma, thè so-called nutrient 
layer whose cells are externally large, wide and light, internally smaller and 
compressed (see Fig. 3). 

The epiderm of thè two embryonal cotyledons consists of tangentially 
slightly elongated cuticular cells. 

Within thè epidermis is thè uniseriate and partly fragmentated aleuron 
with cellulose content. Tntercellular passages appear between thè cells of thè 
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mesophyll. The radicle, hypocotyl and plumule of thè embryo show a meri- 
stematic tissue structure at rest. The liilum appears as a small protuberant 
round spot in deep recess bordered by thè slightly concave apex of thè radicular 
primordium. An elongated deep pit at thè umbilical aperture is bordered by 
thè elevated margin of thè light-coloured suberine cells. Tliis deep aperture 
is regarded by a number of authors as representing thè split of thè cotyledons. 
The remnant of thè micropyle is a small semicircle opening, adjacent to thè 
orifice of thè hilum. By way of thè hilum vascular bundles are decurrent to 
thè embryo. 


Summary 

The present paper sums up thè results of investigations on thè tissue 
differentiation of thè fiorai parts and thè fiorai shoot apices of 7 wild and 
3 cultivated Lotus taxa. 

The anatomical architecture of thè fiorai parts display only slight dif- 
ferences among thè various taxa as opposed to thè vegetative plant parts. 
Differences are primarily observable in thè structure of thè calyx and, to a 
lesser extent, in tliat of thè petals between thè wild and cultivated taxa of 
Lotus corniculatus ssp. corniculatus as well as of thè hairy ssp. hirsutus taxa 
and L. borbasii. Between thè anatomical structures of thè stamen and thè 
anther regions no qualitative difference could he observed among thè taxa 
studied. 

The pentamerous flower whorl of thè papilionaceous flowers charac- 
terizes also bird’s-foot trefoil. The tissue structure of thè calyx resembles that 
of an isodiametrical deciduous leaf, thè calyx of L. borbasii is dorsiventral. 
The petals and primarily thè vexilluin are papillose in thè three varieties of 
ssp. hirsutus and thè outer epidermic layer of thè vexillum and all thè petals 
of L. borbasii. Stornata are ahsent from thè epiderm of thè petals, cells con- 
taining starch are frequent in thè mesophyll. The structure of thè 9 adelphous 
filaments differs from that of thè tentli filament; 9 vascular bundles run 
through thè mesophyll. The cross section of thè anthers exhibit a ribbed 
incrassation in thè radiai celi walls of thè endothecium. The pollens are binu¬ 
cleate. The anathropous ovule primordium develops into thè single carpel. 
The collateral vascular bundles of thè pod fruit in thè mesocarp developes into 
a single or two large vascular bundle groups at thè corresponding ventral and 
dorsal sutures. Above them sclerenchyma bundles appear. The tissue 
structure of thè seed coat is characterized by thè epidermal celi cuticule con- 
taining pectine and cutine, thè cellulose content of thè suberine Malpighian 
cells, thè rows of osteosclereid cells thickened by pectine and cellulose, and thè 
multiseriate parenchyma: thè nutrient layer. 
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The present paper communicates data on thè proliferation of aquatic Hypho- 
mycetes in thè montane Morgó stream (Mts Borzsòny) and on some communities 
of species attributable to certain ecological factors. The collected data are based on 
studies conducted for several years. There are two well distinguishable communities 
with respect to thè locus of occurrence. Observations disclose that one of thè chief 
determinants is thè substratum preference of some fungus species. Data are also fur- 
nished on aquatic hyphomycetous species whose seasonal appearance is closely related 
to thè annual deveìopment of water temperature and to fallen leaves. 

Introduction 

It is a well known fact that aquatic Hyphomycetes grow on leaves, twigs 
and other decaying plant parts submerged in water. The mycelium developes 
in thè decomposing tissue while thè conidiophores develop on thè surface of 
thè substratum and spili thè conidia into thè water. 

Aquatic Hyphomycetes, together with other organisms, play a role in 
thè decomposition of plant parts primarily of tree leaves submerged in water. 
Tliis role, however, has not been adequately studied so far and therefore little 
is known about it. It is also recognized that fungi are present mainly in clean, 
oxygen-rich river water (e.g. in mountain streams) and that conidia will, after 
having been spilled into thè water, collect in thè foam. Investigations by 
Iqbal and Webster (1973a) revealed that thè relation between quantity and 
thè species composition of thè spores of aquatic Hyphomycetes found in foam 
samples do not reflect true ratios present in tlie naturai aquatic environment. 
Data by analysis of thè foam samples are therefore not a satisfactory contribu- 
tion in obtaining a clear picture about conglomerates of aquatic Hyphomycetes 
in thè mountain stream System under discussion; furthermore, in some in- 
stances these data may even result in erroneous conclusions. 

Considering these findings, confirmed also by my own observations, it is 
my intent nevertheless to report observations which were based mainly on 
foam sampling analysis. For I am convinced that thè method of foam analysis 
yields valuable data which brings us closer to thè proper understanding of thè 
proliferation of aquatic Hyphomycetes and their seasonal frequency of occur¬ 
rence although thè method is by no means free of inherent deficiencies. 
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Material and niethod 

In an earlier paper (1971) I reported that in thè stream systein (Morgó Stream in thè 
Mts Bdrzsòny) thè conidia of some aquatic hyphomycete species are to be found in thè foam 
of thè stream only at certain sections and only in certain periods of thè year. The report was 
based on thè investigations of several years during which time foam samples were cullected 
mensually. Subsequent investigations along thè sanie lines of inquiry confirmed previous 
findings and contrihuted additional data. Next to foain analysis some species were grown 
in an aquarium and it was found that thè occurrence or non-occurrence of condia of some fungi 
along certain sections of thè stream is not an incidental event but a phenomenon of strict 
consequence. 

The following simple method has been employed in thè analysis. At sections of thè 
stream where thè conidia of some species occurred frequently in thè foam submerged leaves 
of various tree species in various stages of decay have been collected. Several small-sized 
aquaria as well as glass containers were filled with water taken from thè stream and thè sample 
leaves placed into thè vessels. By means of an atoinizer, air stream was constantly admitted 
to thè water. 

Intensive conidia production have usually started after 5 to 10 days. Sporulation was 
most intensive in leaf cultures which contained leaves collected in thè winter and whose 
water tempc rature was kept at about 5 °C. Observation of sporulation in thè culture ran con- 
currently with foam sample analysis. The following conclusions were reached. 


Characterization of thè analysed habitat 

The bed of thè Morgó stream and of all its tributaries consist of vulcanic, eruptive 
rock (andesite). The greatest distance in thè stream System is 20 km between thè extreme 
points of thè estuary and thè spring of thè Szén Stream. With thè exception of a few sections, 
thè stream is a precipitous rapid current and its bed is composed almost everywhere of rocks. 
This hohls especially for its upper reaches where thè stream runs in a gorgem its banks free 
of vegetation (Fig. 1). The valley of thè gorge is overgrown by Fagus silvatica woods mixed 
with Carpinus betulus , while at higher elevations Quercus , Fraxinus. and Acer species can also 
be found (see Fig. 2 and map). The main part of thè leaves fading into thè stream derives from 
Fagus silvatica and Carpinus betulus. Less significant is thè leaf portion supplied by other 
tree species. 

At thè entrance of thè gorge thè valley widens and Fagus and Carpinus are abruptly 
replaced by Alnus glutinosa , hemming in thè stream as far as its mouth (see Fig. 3) Salix 
and Populus species are represented by locally larger stands. Along thè lower reaches shrubby 
communities ( Sambucus nigra , Corylus avellana , Acer sp.) chequer thè vegetation of thè banks. 

Stream temperature during thè year changes according to thè following time pattern. 
In December and January, water temperature is between 0—1 °C. In February and March, 
temperature does not exceed 1—4 °C. Temperature begins to climb in Aprii and in thè second 
half of thè month it may rise above 10 °C. At thè sanie time, great temperature fluctuation 
characterizes thè water for Aprii and May (7—15 °C). During thè summer inonths, tempera¬ 
ture is relatively high and remains at a Constant level (June through September around 18 °C). 
In September and October, temperature drops below 10 °C; from October it gradually ap- 
proaches winter values. 


Results 

Distribution of thè species in thè stream System 

During thè course of earlier observations it was assunteci that thè exist- 
ing differences between thè species contposition of aquatic Hyphomycetes at 
various stream sections are most probably due to thè quantitative and quali¬ 
tative composition of thè leaf substratum present in thè water. Similar obser¬ 
vations were reported by Iqbal and Webster (1973/b) on thè aquatic Hypho¬ 
mycetes found in thè stream of thè Exeter region. According also to these 
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Fig. 1. Upper reaches of thè Morgó Stream in thè beech region 


authors some species of aquatic Hyphomycetes show preference for thè leaves 
of certain tree species. 

My studies macie in thè Morgó stream System point indicate tliat thè 
composition of thè stream bank vegetation and changes in thè composition 
along thè stream determine thè composition of aquatic Hyphomycetes in thè 
respective habitat or, at least, thè frequency of occurrence of some species. 

In tlie upper reaches of thè stream (see map sketch Fig 2) thè mass 
of thè submerged leaves is contributed by Fagus silvatica and Carpinus betu- 
lus. Occurrence of thè Quercus leaf is very rare and thè leaf ratio of thè other 
species is even lower. Of thè two species characterizing thè upper section 
(Dactyleìla aquatica and Monotosporella tuberculata ), thè former occurs more 
frequently on thè Fagus leaves, at times in masses (see Figs 4 5). 

The latter yields spores copiously botli on Fagus leaves and also on 
Quercus sp., Carpinus betulus , Tilia sp. (Figs 6—7). The abundant representa- 
tion of conidia of both of these species in thè foam can be explained on thè 
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Fig. 2. Sketch map of thè stream System, with thè most frequent plant species along thè banks 


basis of substratum preference. Since Fagus leaves are uncommon in thè lower 
reaches, this might well be thè reason of thè absence tliere of Dactylella aqua¬ 
tica and Monotosporella tuberculata, Although Quercus leaves occur more 
frequently than Fagus along thè lower reaches, Monotosporella tuberculata 
could not be found, even though it was concurrently frequent on leaves in 
thè upper reaches. 

This raises thè question on thè role of thè other ecological factors besides 
thè various types of substratum, and by thè same token it invites care with 
respect to thè acceptance of criteria upon which substratum preference of 
a given species is judged. In case of Dactylella aquatica and Monotosporella 
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Fig. 3. Lower reaches of thè Morgó Stream in thè Alnetum 


tuberculata , culture experiments bave corroborateci thè inferences drawn from 
thè analysis of foam samples. At thè same time it has also been proved that 
thè quantitative relations of some species present in thè foam are not true 
reflections of thè actual values. Although conidia of Dactylella aquatica 
characterize thè upper reaches their quantitative representation in thè foam 
is relatively low. At thè same time, however, conidia develop in great numbers 
on Fagus leaf fragments collected here (Figs 4 — 5). Several hundreds of 
conidia may be present along 1 2 cm length of a leaf-vein while only a small 

portion of thè conidial mass accumulates in thè foam. 

In contrast to thè species cited above, conidia of Monotosporella tubercu¬ 
lata develop on leaves more sparsely and in smaller numbers (Figs 6 7), hut 

their occurrence is more frequent in thè foam than that of Dactylella aquatica . 
This difference is probably partly related to thè affinity of thè conidia to air 
bubbles (thè smooth-surfaced conidia as compared to thè rough-surfaced coni¬ 
dia). 
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Figs 4 — 5. Copiously sporulating Dactylella aquatica on thè veins of skeletal Fagus silvatica 
leaves collected in thè upper reaches, (200 X) 


Unfortunately, I bave insufficient culture results for an adequate ex- 
planation of thè occurrence here of species frequent at thè lower reaches. Major 
portion of thè submerged leaf material at this section is contributed by Alnus 
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Figs 6 —7. Sporulation of Monotosporella tuberculata on skeletal Fagus and Quercus leaves 
collected in thè upper reaches, (330 X ) 

Fig. 8. Sporulation of Clavariopsis aquatica on Fagus silvatica leaves collected in thè upper 

reaches 
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glutinosa . The species frequent and at times appearing in masses (e.g. Tricla- 
dium angulatum , Tetracladium marchalianum) along this reach were seen only 
one or two times to grow on Alnus , Quercus and Acer leaves, and then only 
in relatively small numbers and never in masses as found in thè foam samples. 

In thè followings, I indicate thè occurrence of some species along thè 
stream on a map (Figs 10—15). As we proceed from map to map thè changes 
taking place in thè course of thè year can also be braced. I have not indicated 
thè conidia of all species occurring at a given section at a given time. The 
graphical signaling of conidia at thè lower and upper reaches signifies thè most 
characteristic species present during a given season at thè particular stream 
section, as indicated by thè collected foam samples. The foam samples which 
served for thè basis of comparison were collected at thè lower and upper 
reaches on thè same day. It is unfortunate tliat data on thè well distinguishable 
reaches, distinct also by thè occurrence of conidia, to allow inferences on how 
far thè conidia of some species travel downstream and on thè degree of transi- 
tion into thè species community of thè lower reaches. 

In thè case of a rapidly flowing mountain hrook like thè Morgó Stream 
one might expect that thè great portion of conidia liberated at thè upper 
reaches would be transported far downstream. However, iny investigations 
disclosed that thè conidia of species frequent at thè upper reaches are not 
transportcd too far from their originai point by thè current. E.g. conidia of 
Dactylella aquatica , Monotosporella tuberculata , and of Anguillospora crassa , 
characteristic of thè upper reaches, occur only in restricted numbers in foam 
samples taken 3 4 km downstream, while they are practically absent from 

thè samples taken at thè lower reaches. 

I mention 4 spores characteristic of thè lower and thè upper reaches, 
respectively, which are not known among thè aquatic Hyphomycetes, but their 
regular occurrence in a given period or at a given place is characteristic. They 
are as follows: 

a) Monotosporella tuberculata Gonczòl 

b) Tetraradiate conidium (probably Clavatospora sp.?) 

c) Triradiate conidium, Y-shaped 

d) Tetraradiate organism (its fungal origin is not certain) (Fig. 9). 

January—February (Fig. 10) 

Upper reaches: Monotosporella tuberculata occurs thè most often, amount- 
ing to about one half or more of thè total conidia. Similarly, thè conidia shown 
in Fig. 9/b are also frequent, appearing mostly together with those of Alato- 
spora acuminata. Characteristic to this period are some quadriradial conidia 
present in great numbers ( Lemonniera aquatica , L. terrestris , Articulospora 
tetracladia ), although less abundantly than thè two preceding species. Dacty¬ 
lella aquatica occurs less frequently. 
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Lower reaches: Of thè previous species, Monotosporella absent from thè 
conidial community, only one or two representatives, at thè most, can he 
found per foam samples Lemonniera aquatica and L. terrestris appear more 
frequently, but thè tange of frequency characteristic to thè upper reaches was 
approximated only once during thè entire period of investigation. However, 
Tricladium angulatum occurs in greater quantities, entirely absent from thè 



o 


10 24 30 um 



Fig. 9. Conidia from thè Morgó Stream: a) Monotosporella tuberculata Gònczòl; b) Tetra- 
radiate conidium (Clavatospora sp.?); c) Triradiate conidium; d) Tetraradiate organism (its 

fungal origin is not certain) 


upper reaches. Here it amounts to 1/3 of all conidia. About thè same ratio 
of occurrence is shown by Clavatospora stellata , present also at thè upper 
reaches but more infrequently. 

Conidia of Heliscus aquaticus also appear frequently, with a frequency 
similar to that of Tricladium angulatum . On some occasions, I found it in out- 
standingly high ratios (20 50% of all conidia in thè February samples of 

1970-1972). 

March—Aprii (Fig. 11) 

Upper reaches: thè conidia of Monotosporella tuberculata can stili be 
found in large quantities, but Anguillospora crassa characteristic of thè spring 
species community also appears. Earlier it was represented only by one or two 
spores in thè foam samples. The multiple-branched conidia, less frequent than 
thè preceding two species, appear about this time, they most probably belong 
to Speiropsis irregularis. 

Lower reaches: thè frequency of occurrence of Tricladium angulatum 
and Heliscus aquaticus remains about thè same as in thè previous month. This 
period is characterized by Tricladium gracile and thè Y-shaped conidia resem- 
bling those of T. gracile (Fig. 9). 
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Characteristic conidial associations at thè upper and lower reaches of thè Morgó Stream during 
different periods of thè year (Figs 10—15). Fig. 10. January—February 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 




























ECOLOGICAL OBSERVATIONS ON AQUATIC HYPHOMYCETES 


253 


\ 



3 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 



















254 


GÒNCZÒL, j. 


The number of thè Clavatospora stellata conidia diminishes, buth their 
absence becomes conspicuous only in thè samples collected in Aprii. 

May—June (Fig. 12) 

Upper reaches: thè dominant species are Anguillospora crassa and 
Monotosporella tuberculata. The quantity of conidia of Tricladium splendens 
is significant, as well as a Heliscus-\\ke organism (conidia?) which, according 
to observations made for several years, appears in thè foam about this time 
(Fig. 9d). 

Lower reaches: thè most strinking change in thè conidia community is 
thè complete disappearance of Clavatospora stellata (in June) and thè increasing 
numbers of Tetracladium marchalianum (chiefly in June). 

July—Augusl—September (Fig. 13) 

Upper reaches: during these three summer months thè conidia of all 
species found so far are represented in thè foam samples, but in smaller individ¬ 
uai numbers. Especially thè conidia of Monotosporella tuberculata decrease 
as compared to winter counts. 

At thè same time thè predominant two species of thè summer conidia 
community of thè lower reaches are Tetracladium marchalianum , occurring in 
masses (sporulation maximum is in August and September), and Clavatospora 
tentacula , appearing punctually in July. 

October (Fig. 14) 

The stream is affected by two significant changes: water temperature 
drops significantly (below 10 °C) and leaf deposition commences. Conidia found 
in both lower and upper reaches occur in great numbers. 

Upper reaches: Monotosporella tuberculata can be found again in masses 
and Anguillospora crassa is stili rather frequent. Concurrently, Lemonniera 
aquatica , L. filiforme and Flagellospora curvula constitute thè major conidia 
mass in one of thè tributaries. 

Conidia of Margaritispora aquatica also appear in greater numbers in thè 
foam samples about this time. 

Lower reaches: Tetracladium marchalianum is stili frequent, there are 
many Tricladium angulatum and Flagellospora curvula stili appears in masses. 

November—December (Fig. 15) 

Upper reaches: Lemonniera aquatica , L. terrestris , a tetraradiate conidium 
(Fig. 9b; observed in thè January and February community), as well as Monoto¬ 
sporella tuberculata occur characteristically in approximately identical propor- 
tions. The conidia of Margaritispora aquatica occur also rclatively frequently. 


Acta Botanica Academiae Scientiarum Hun%aricae 21 1975 


EC0L0G1CAL OBSERVATIONS ON AQUATIC HYPHOMYCETES 


255 



Fig. 12. May—June 
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Lower reaches: thè conidia of Tetracladium marchalianum diminish 
sharply, but Tricladium angulatum is stili frequent. Clavatospora stellata 
appears in November and becoraes more frequent in December. 

Unfortunately, I have few data available on other stream systems for 
justifiable comparison. Nevertheless, thè sporadic data imply that changes in 
thè vegetation of thè stream banks are followed by qualitative and quanti¬ 
tative changes in thè species community of aquatic Hyphomycetes. 

The aquatic Hyphomycetes community in another stream of thè neigh- 
bouring Mts Pilis differed conspicuously from thè specific distribution and 
range pattern discussed so far. The most striking difference was thè presence 
of thè same specific conidia, but in a wliolly other composition. In a foam 
sample taken at a single point I found an association of conidia of species 
which never appeared together in thè Morgó Stream (Tetracladium marcitali- 
anum , Tricladium angulatum , Monoto spor ella tuberculata). These three species 
are invariably disassociated in thè Morgó Stream: thè first two in thè lower 
reaches thè tliird in thè upper reaches (see maps). The composition of thè 
woody vegetation along thè stream bank was also different. The stream banks 
of thè investigated section of several kilometers are dominated by Quercus sp. 
constituting thè major portion of leaves, and not occurring in such high pro- 
portions along thè Morgó Stream. 

This and some other sporadic investigations support in my opinion thè 
hypothesis that thè specific and quantitative composition of aquatic Hypho¬ 
mycetes participating in thè decomposition of leaf litter is thè function of 
thè stream bank vegetation. 


Seasonal occurrence 

Besides distribution in thè water, thè maps also portray seasonal cliange 
in thè species communities of thè stream. In thè course of my investigations 
it was not my purpose to establisli exact numerical ratios of thè individuai 
species, but thè frequency by which their conidia (masses, sporadic, rare) can 
be found in foam samples and how these proportions change during thè year. 
Even if thè foam samples do not exactly reflect thè actual quantitative ratios 
in thè water, they do represent in my opinion — thè trend of changes. 

My observations, although based on thè analysis foam samples, cor¬ 
roborate this statement since they are in many cases greatly similar to thè 
results obtained by analyses of water samples made by Iqbal and Webster 
(1973/b). 

These authors (1973/b) state that thè sporulation peaks of numerous 
aquatic Hyphomycetes coincide with thè autumnal leaf deposition of decidi- 
ous trees, while there are some species whose sporulation peaks fall in other 
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periods of thè year. In thè followings, I discuss some species which exhibit 
similar life histories. 

Iqbal and Webster (1973/b) state that “The abundance of spores of 
Clavariopsis aquatica and Flagellospora curvula show a good correlation with 
thè period of leaf deposition (August through September)”. In thè course of 
my investigations I observed that thè occurrence of Clavariopsis aquatica is 
unpredictable, although there were years when I could observe a sporulation 
peak at thè end of thè winter season and in thè spring (Fig. 8) (March through 
May) as well. Conversely, thè sporulation peak of Flagellospora curvula in four 
successive years (1970 — 73) occurred in October, thè most intensive period 
of leaf deposition. The amount ofits conidia at that time equalled approximately 
half of all conidia. Later its quantity significantly dropped and in subsequent 
months thè conidia occurred only sporadically. A secondary considerably small- 
er sporulation peak could be observed in February—March. 

It was established concerning Tricladium gracile that it is not a primary 
colonizator, its sporulation peak does not coincide with autumn leaf deposi¬ 
tion, and that its conidia can be found in greater quantities only in December 
through Aprii (Iqbal and Webster, 1973/b). I bave observed thè same 
phenomenon with respect to material found in Hungary: for several successive 
years Tricladium gracile appeared in samples collected in February, samples 
collected in March contained ampie conidia, but later only some specimens 
occurred. Rarely did one or two conidia occur during thè following months. 

A species must be mentioned whose conidia frequency displayed thè high 
degree of regularity with respect to annual changes (1969—1974). This is 
Clavatospora stellata whose seasonal cliange of frequency showed a fine cor¬ 
relation with changes in substratum and in water temperature. 

According to my investigations, Clavatospora stellata is definitely a winter 
species whose sporulation is stimulated by low water temperatures (1 5 °C). 

There is no obvious variance in thè frequency of its occurrence between thè 
lower and upper reaches, but it is always more frequent in thè lower reaches. 
It is thè most frequent during thè winter months (December through March), 
beginning Aprii it becomes rarer and from June- July till October it becomes 
a very rare constituent of thè conidial community. I bave found no conidia 
as a ride in these months. It reappeared in samples collected by thè end of 
October and in November, and became increasingly more frequent in thè 
progressively cooling water. This seasonal pattern is depicted by thè graph 
(Fig. 16) where thè changing numbers of conidia of Clavatospora stellata during 
thè year is plotted against thè per cent ratio of total conidia. 

It is interesting to note that thè conidial production of Clavatospora stel¬ 
lata follows thè water temperature fluctuations so sensitively that during 
temperature drops in May — by no means a rare event in Hungary thè 
Aprii decrease in spore numbers is suspended, indeed it can even increase 
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temporarily. This is illustrateci also by thè break iu thè declining branch of thè 
curve. 

An entirely different picture is presented by thè course of thè annual 
production of Tetracladium marchalianum , one of thè most widely spread 
members of aquatic Hyphomycetes and one of thè commonest species also 
in thè Morgó Stream, but — as mentioned in an earlier paper (Gonczol, 1971) 
— only in thè lower reaches. In thè upper reaches of thè stream System, in 
thè beech hornbeam area, it does not occur. 



big. Iti. Sporulation of Clavatospora stellata during thè year as related to thè total numher 
of conidia (based ori foam sample analysis) 


The annual course of conidia production in thè lower reaches displayed 
in 3 consecutive years (1969—1971), a regularity similar to that of Claiato- 
spora stellata , but of a reverse trend. The increasing number of spores was 
correlated with increasing water temperatures (Fig. 17). During thè winter 
months (November through Aprii) of thè three subsequent years thè spores 
were extremely rare in thè foam samples, then becoming gradually more fre- 
quent in May and June, it reached thè late summer autumn maximum (August 
through October). In thè instance of this species, sporulation cannot be related 
to leaf deposition during thè autumn season since sporulation has reached its 
peak 2 3 months earlier. The assumption that ampie conidia production was 

promoted by water temperatures about or above 10 °C, while it was retarded 
by mudi lower watei temperature, seems well acceptable. This hypothesis is 
supported by thè fact that thè drop in water temperature in October through 
Decomber was followed by a decrease in thè number of conidia, even though 
thè leaf substrate of thè stream is thè richest in this period. It is very probable 
that Tetracladium marchalianum is not one of thè primary thallus colonizers, 
similarly to Tricladium gracile , but in opposition to thè latter its conidia 


Ada Botanica Academiae Scientiaruni Hungaricae 21, 1975 





262 


GÒNCZÒL, J. 


production is not stimulated by low water temperatures. In thè following 
years (1972 1973), a slight deviation in sporulation from earlier levels was 

evinced by Tetracladium marchalianum , if compared to earlier observations. 
In winter (beginning with November) conidia frequency did not reacli thè very 
low T level observed during this period in previous years, and it did not reach 
thè earlier observed frequency characteristic of thè spring and thè beginning 
of summer (Aprii through July). Only samples taken in August and October 
displayed thè frequency level corresponding to thè average values found in 



Fig. 17. Sporulation of Tetracladium marchalianum in relation to thè total number of conidia 
in 1971—73 (based on foain sample analysis) 


several years. The weather in both winters was also unusual. After a pro- 
tracted and mild autumn only in mid January did a brief cold period set in 
and thè water of thè stream froze only for some days. Previous winters lasted 
longer, with repeated long cold periods. 


Summary 

The results of observations obtained hitherto can be grouped according 
to two view points: distribution of thè species in thè stream System and seasonal 
occurrence. With regard to distribution, two well distinguishable alliances of 
species can be recognized, species which intermingle not or only to a small 
extent: one in thè upper reaches, thè others in thè lower reaches. The former 
is thè fungus group consisting of Dactylella aquatica , Monotosporella tuberculata 
and Anguillospora crassa , each distributed widely in thè stream section of thè 
beech area. The latter is thè fungus group characterized by Tetracladium 
marchalianum and Tricladium angulatum of thè lower reaches ranging in thè 
stream section along thè Alnetum stand. 
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While Dactylella aquatica and Monotosporella tuberculata , characteristic 
to thè upper reaches grow according also to culture experiments on leaves 
peculiar to this region, Tetracladium marchalianum and Tricladium angulatum , 
characteristic to thè lower reaches, do not grow in corresponding masses on 
leaves frequent in this section ( Alnus , Sa/ix, Acer , Populus ), as it could have 
been expected on thè basis on their conidia frequency in thè foam samples. 

The clear differentiation of thè two species communities is in my 
view explainable in thè distinct separation of thè woody vegetation along 
thè stream banks. Although I have only insufficient data from thè investiga- 
tion of other streams, thè findings hitherto obtained indicate that in thè case 
of streams where thè species community of thè accompanying vegetation 
differs from that of thè Morgó Stream System, there thè species community 
of aquatic Hyphomycetes is also different. 

Further studies would be necessary to assess thè linkage between thè 
various fungus species and thè various types of substrate and then to establish 
thè extent of modification by environmental factors. 

Observations concerning seasonal changes can be summarized as follows. 
Conidial production in this stream System and in some other streams is con- 
tinuous during thè year. This is understandable in thè light of thè fact that 
thè aquatic Hyphomycetes have a substrate available during thè whole year 
a substrate consisting of a thick accumulation of leaf litter especially in thè 
deeper valley floors, which supplies thè stream bed with leaf material con- 
tinuously. 

There is no doubt that thè species composition of thè fungal communities 
and thè frequency of thè species change seasonally. According to my observa¬ 
tions, quantitative and qualitative changes in thè species composition are not 
rapid but graduai and require a protacted period (1 to 2 months). Only some 
of thè causes affecting these changes are known, and further studies are 
required to clarify thè effects of thè annual course of temperature, thè condi- 
tion of thè substrate, and of thè role of other ecological factors. 
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NEW SCENEDESMUS SPECIES 
FROM THE DANUBE AT BUDAPEST 

By 

T. Hortobagyi 
(Received May 2, 1975) 


Four new Scenedesmus species are reported from thè collections made in thè 
Budapest section of thè river Danube in 1971—1972. The author dedicated thè new 
species to Hungarian hydrobiologists (dr. Àrpàd Berczik, dr. Istvan Kiss, dr. Gabor 
Szemes, dr. Gabor Uherkovich). 

1. Scenedesmus Berczikii Hortob. n. sp. 

Figs 1 2 

Cells elongate cylindrical, outer walls of extreme cells slightly convex. 
Cells touching one another over 3/4 surface. Poles dome-like, convex. Membrane 
covered with small, but well discernible papillae. Poles covered with 1 or 
2 latero-apically situated, cap-like, irregularly shaped, scabrous or smooth 
thickenings, occasionally extending over lateral sides as far as other pole, 
especially ori extreme cells. Papillae on poles generally bigger. One parietal 
chloroplast including a well developed pyrenoid. Cap-like thickenings well 
discernible even on coenobia with plastids. Celi dimensions 10.5 13x3—4.7 fi. 

Danube, Sept. Rare. 

Celi shape similar to Scenedesmus ecornis (Ralfs) Chod. Its granulated 
membrane indicating relations with S. granulatus W. et W. The new species 
differs from both these species and subspecific taxa by its 1 or 2 large, shield- 
like, scabrous thickenings. 

2. Scenedesmus Kissii Hortob. n. sp. 

Figs 3 — 5 

Coenobia with 4 or 8 cells, cells oval-ellipsoidal, touching one another 
over a small surface only, constituting loose coenobium. Celi dimensions 
9—12x5.6 8 fi. Pole of each celi with one very thin, slightly arcuate, rarely 

straight, sharply pointed spine of equal length; length of spine 7 —11 fi. Inter¬ 
mediate cells sometimes with a spine. Cells including one well developed 
pyrenoid. Membrane not smooth. 
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v 1 



W 2 

Figs 1 — 2. Scenedesmus Berczikii Hortob. n. sp. 


I have observed two abnormal coenobia. In one (Fig. 4) of them, two 
intermediary cells turned 90° from thè piane of thè extreme cells, and in one 
celi with only one spine developed. The other abnormal coenobium (Fig. 5) 
had only three cells closely adhering to each other, resulting in entirely smootb 
walls. On one of thè poles not one but two spines developed. 

Danube, May. — Rare 

To this species belongs “Scenedesmus quadricauda (Turp.) Bréb. var. 
biornata Kiss” described by Istvàn Kiss in 1939 (Col. 237 238)). The celi 

dimensions of this species are 7.2 10.5x3—4.5 fi . Its extremely thick spines 

justify its separation as a form. 

Owing to thè celi shape and development of spines, thè new species comes 
dose to S. ellipticus (W. et W.) Chod. However, it differs from thè latter 
by thè different shape and thè spines having developed on every pole. 

3. Scenedesmus Kissii Hortob. f. crassispinosus (Kiss) Hortob. comi), n. 

[(Scenedesmus quadricauda (Turp.) Bréb. var. biornata Kiss in Folia 
Cryptogamica 2/4. col. 237 — 238, Tab. XV, Figs 21, 26)]. 
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Figs 3 — 4. Scenedesmus Kissii Hortob. n. sp. 
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Celi dimensions 7.2 10.5x3 4.5 i . Spines as long as celi or somewhat 

longer, strikingly thick. Occasionally intermediary cells without spines. 
Kisszék, June July 

Tliis form differs from thè nominate species by its strikingly thick spines* 


4. Scenedesmus Szemesii Hortob. n. sp. 

Figs 6 7 

Cells cylindrical, touching each other over their entire length. Outer 
walls of extreme cells convex. Celi dimensions 11.5 13x4.5 -5.2 fi. Poles 

of extreme cells adorned with one very thick, short (1.8 — 2.2 n) blunt pegs 
pointing outward; they have developed in one of thè diagonals of thè coeno- 
bium on thè frontal part, therefore well discernible; in thè other diagonal, 
at thè back, these pegs are hardly perceptible, though they may be seen in 
a superior view. Beside them, one larger papilla is formed. Cells covered only 
on one side with a mucous, strongly elevated band. These are clearly perceptible 
in a frontal view on thè extreme cells, while on thè other cells they can best 
be viewed from above. Parietal chloroplast including one large pyrenoid. 

Danube, August. Very rare. 
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The new species differs from all other Scenedesmus species by its short, 
squat, blunt projections and thè thick mucous band decurrent only on one 
side of thè celi. 


5. Scenedesmus Uherkovichii Hortob. n. sp. 

Fig. 8 

Elongate, cylindrical cells, touching one another over their 3/4 — 4/5 sur- 
face. Poles domed. Celi dimensions 12.3 15x2.5 4 fi. Poles of extreme cells 

with one outward-pointing, arcuate-undulate, strikingly thick, blunt, 16 18 fi 

long spine each. Botti extreme and intermediary cells with one row of papillae 
on longitudinal axis. Papillae locally coalescing. On thè poles of intermediary 
cells mucous spines with wide bases and small spines, or denticles may be 
observed. Cells enveloped in 1 — 1.5 fi thick, grooved mucous sheath. Parietal 
chloroplast including one well deve loped pyrenoid. 

Danube, August. Rare. 

The new species widely differs from all other Scenedesmus by its thick 
and arcuate, blunt extreme spines, thè grooved mucous sheath, thè row of 
papillae, thè polar mucous spines and by thè elongately shaped cells. 
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DIAGNOSES 

1. Scenedesmus Berczikii Hortob. n. sp. 

Figs 1—2 

Cellulae elongate cylindricae. sese cca. parte 3/4 superficiei lateralis attingentes, 10.5— 
13 X 3—4.7 /z, pariete extrorso cellularum extimarum forte parum convexo, polis semiglobose 
rotundatis, membrana granulis distinctis, circa polos majoribus, cooperta; polis 1 vel 2 incras- 
sationibus. pileiformibus, magnis. ohliquis, ad polos cellularum extimarum plerumque majori¬ 
bus, nonnunquam fere polos vicinos attingentibus. Chloroplastis parietalis, cuin pyrenoida 
unica, bene evoluta. Duna, IX. Raro. 

Species haec nova forma cellularum et coenobiorum Scenedesmum ecornem (Ralfs) 
Chod. in mentem revocat. Membrana granulata eius propinquitatem cum Scenedesmo granu¬ 
lato W. et W. indicat. A specibus supradictis et taxonibus eorum minoribus incrassationibus 
1 vel 2 ad polos dispositis, magnis, bene evolutis, scutelliformibus, verrucosis bene distinctus. 


2. Scenedesmus Kissii Hortob. n. sp. 

Figs 3—5 

Cellulae ovales, ellipsoides, superficie parva sese attingentes, 9 12x5.6—8 /z, mem¬ 

brana non levi, coenobia laxa formantes; in polis omnibus spinis singulis, longitudine aequa- 
libus, tenuissimis, parum arcuatis, raro rectis, 7—11 /li longis, acutatis ornatae, Chloroplastis 
parietalis, pyrenoida bene evoluta. Duna, V. — Raro. 

Propter formam cellularum et partim spinarum Scenedesmus ellipticus (W. et W.) 
Chod. ei proximus. Ab eo forma cellularum et spinis longis gracilibus, in omnibus polis dispo¬ 
sitis distinctus. 


3. Scenedesmus Kissii Hortob. f. crassispinosus (Kiss) Hortob. comb. n. 

Magnitudo cellularum 7.2—10.5x3—4.5 /z. Spinae polorum sunt magnitudinis cellu¬ 
lae, aut paulisper longiores, conspicue crassae. Nonnunquam cellulae interinediae non habent 
spinas. — Kisszék, VI—VII. — Fig.: Folia Cryptogainica 2/4. Tab. XV. Figs 21, 26. 

Cum specie discrepat suis spinis, conspicue crassis. 


4. Scenedesmus Szemesii Hortob. n. sp. 

Figs 6—7 

Cellulae cylindricae, maxima parte longitudinis sese attingentes, 11.5—13x4.5—5.2 /z; 
cellulae extimae lateribuS extrorsis convexis, in polis appendicibus singularibus crassis, trunci- 
formibus, 1.8—2.2 /z longis, extrorsis, apice late rotundatis, superne visu omnibus simul obser- 
vabilibus, a latere secundum unum diagonalem tantum dispositis, secundum alterum pariter 
haud conspicuis, praeter eas granulis singulis majoribus ornatae. Cellulae mediae oinnes in uno 
latere coenobii, cellulae autem extimae in latere extrorso cristis longitudinalibus, singulis 
inucilagineis, satis crassis, valde altis, in cellulis extimis etiam e latere, in cellulis ceteris 
superne visu conspicuis. Chloroplastis parietalis, in eo pyrenoida unica bene evoluta. 

Duna, Vili. Rarissime. 

Species nostra appendicibus cellularum extimarum brevibus, crassis, trunciformibus 
et cellulis cristis singularibus, longitudinalibus, in uno latere tantum dispositis, mucilagineis, 
valde emergentibus ab omnibus taxonibus generis Scenedesmus bene distincta. 


5. Scenedesmus Uherkovichii Hortob. n. sp. 

Fig. 8 

Cellulae elongate cylindricae, parte 3/4—4/5 longitudinis sese attingentes, 12.3— 
15 X 2.5—4 /z, polis valde rotundatis; cellulae omnes indumento 1—1.5 /z crasso, mucilagineo, 
fibrilloso in cellulis extimis a latere etiam conspicuo coopertae, deinde seriebus singulis longi- 
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tudinalibus. mediani» granulorum in nonnullis locis conniventibus instructae. Cellulae coeno- 
biorum extimae polis spinis singulis, extrorsis, inclinatis-undulatis, eximie crassis, obtusis, 
16—18 (.i longis armatae. Cellulae mediae polis spinis-denticulis mucilagineis, ad basin dila- 
tatis ornatae. Chloroplastis parietalis, pyrenoida bene evoluta. 

Duna, Vili. Raro. 

Species nostra spinis crassis, inclinatis, obtusis, extimis, indumento mucilagineo, fibril- 
loso, deinde seriebus granulorum longitudinalibus, spinis mucilagineis polorum atque cellulis 
elongatis ab omnibus taxonibus descriptis generis Scenedesmus bene distincta. 


Species novae superius descriptae in honorem hydrobiologorum egregior uni Hungariae: 
dr. Àrpàd Berczik. dr. Istvàn Kiss, dr. Gàbor Szemes et dr. Gàbor Uherkovich nomi- 
natae sunt. 
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THE INFLUENCE OF MONOCHROMATIC BLUE 
AND RED LIGHT ON THE ELECTRON MICROSCOPE 
STRUCTURE OF CHLOROPLASTS 

By 

I. Horvath, F. Kalman and E. A. Titlyanov* 

DEPARTMENT OF BOTANY, JÓZSEF ATTILA UNIVERSITY, SZEGED 
♦PHOTOSYNTHESIS DEPARTMENT, FAR EAST OCEANOBIOLOGICAL INSTITUTE OF THE ACADEMY OF 

SCIENCES, USSR 

(Received September 17, 1975) 

Pepper plants cultivated in near-monochromatic blue and red lights generally 
exhibit parallel growth between thè extent of granulosity of chloroplasts, thè number 
of grana-vesicles and thè increment of wavelength. The photosynthetic production 
is primarily dependent on granularity. 

Introduction 

The electron microscope structure of thè chloroplast is significantly 
affected by light. Best known is thè effect which light intensity exerts on thè 
development of grana and stroma thylakoids (Prioul, 1973; Brangeon, 1973). 
Depicted, thè character of this effect yields an optimum curve which, how- 
ever, is subject to modification depending on whether it is an expression of 
shade or light ecoplants or it reflects thè number of chloroplasts present in 
thè various tissue cells. 

Next to structural differences, light intensity influences thè quantity 
of photosynthetic pigment System as well as its quality. It is widely recognized 
that lower light intensity increases thè quantity of chlorophyll b while it 
reduces thè carotenoid content (Grahl, 1972). 

Temperature, besides light intensity, also greatly influences granum 
development. In tlie instance of soybean a greater number and size larger 
grana develop at high temperature and in lower light intensity (Ballatine 
and Forde, 1970). Of thè modes of light effects, less well-known is thè role 
quality plays on thè chloroplast structure, since content analysis can only be 
undertaken in near-monochromatic light. The study of this effect is impor- 
tant because, as described in our earlier paper (Horvath and Szalay, 1974), 
energy migration induced by this wavelength influences photosynthetic pro¬ 
duction, as assays conducted in near-monochromatic light demonstrate. 

Materials and niethods 

Near-monochromatic light was produced by Zeiss manufactured metal interference 

filters. 

Considering thè absorption spectrum of chlorophyll a and b, thè following interference 
filters with maximum transmission were utilized: 425, 450, 475, 650 and 675 nm. Two pigment 
components absorbed energy in widely varying ratios from thè light transmitted by these 
filters. 
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For light source a halogen lamp of 1 kW was used and infrared rays were filtered through 
a 10 cm thick running water layer. For control, plants were grown under this lamp. Light 
energy was thè same under thè filters and at thè control points: 7.2 • IO -3 cal cm -2 min -1 . 
Illuininance was rendered for 12 hrs during thè day, night time temperature was ab. 20°C 
and 28 °C in thè day time. 

White peppers from thè region of Keszthely were used as assay plants. The filters were 
placed on double-walled culture boxes where thè plants grew in sand. The alternate walls 
of thè culture boxes were perforated. Aeration was thus ensured and light penetrated thè inner 
space of thè box only through thè interference filters. (The w alls of each box facing each other 
were of black colour.) 

The plants were examined when they were 14 days old. (Owing to thè small-sized 
interference filters, thè plants could not be grown for a longer period.) Pigment content of 
thè seminai leaf was determined (Horvàth and Szalay, 1974), Ls tissue structure examined 
by light microscope and thè structure of thè chloroplasts by electron microscope. 

For thè electron microscopie analysis small pieces were taken from 5 seminai leaves 
and fixed in 3% glutaraldehyde. After 3 hrs of fixation thè segments of tissue were washed 
in phosphate buffer and postfixed in 2% KMn0 4 . In thè ethanol dehydrated material was 
embedded in durcupan ACM. 

Ultrathin sections were stained with uranyl acetate and lead cytrate and examined 
with 100B type JEM electron microscope. 

With respect to thè electron microscope structure of thè chloroplast, priinary stress 
was laid on ratio determination between thè grana and stroma as well as thè number of vesicles 
building thè grana. 


Results and discussion 

The grana ratio was established on thè basis of thè cross section by 
calculating thè grana-occupied area for thè entire cross section in percentage. 
This is of course a relative number but it reflects well thè granularity of thè 
plastids. 

Plants grown at wavelengths of 450 and 475 nm had chloroplasts of 
weak grana structure and thè grana vesicles number generally lay between 
2 — 5 (Piatesi and II). Plastids of plants raised in light of 425 nm wavelength 
contained 2 6 prolamellar bodies, whereas they were lacking from other 

samples subjected to thè identical assay conditions. 

Plastids of plants raised in light of 650 and 675 nm revealed better 
developed grana and thè number of vesicles lay significantly higher, between 
6 and 12 (Plates II and III). 

According to thè line of progress, thè following numerical results were 
obtained (Table 1): 

Table 1 


Wavelength 

Participation ratio 
of grana in % 

Dry weight of a 
single plant in mg 

450 nm 

11.6 

5.2 

475 nm 

17.5 

5.5 

675 nm 

23.3 

6.5 

425 nm 

23.9 

7.0 

650 nm 

38.3 

8.1 
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Piate I. 1 : Plastids of plants raised in light of 425 nm wavelength (magnification 20 000). 
2: 450 nm (magnification 20 000). Explanation: a = grana, b = prolamellar body, c = inito- 
chondria, d = cytoplasm, e = celi wall, f = endoplasmatic reticulum, g = deformed grana 
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Piate li. 3: Plastids of plants raised in light of 475 nm wavelength (magnification 20 000). 

4: 650 nm (magnification 20 000) 
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Piate III. 5: Plastids of plants raised in light of 675 nm wavelength (magnification 20 000) 

6: control (magnification 20 000) 
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Fig. 1. Relationship between thè partieipation ratio of thè grana and thè dry weight 

of plants 


It can be ascertained that thè granularity of chloroplasts and thè dry weight 
of plants, respectively, are in dose relationship which is nearly linear be¬ 
tween them (Fig. 1). 

The results indicate that thè numerical increase of thè vesicles brings 
about an accelerated photosynthetic activity. Next to thè numher of vesicles, 
thè grana ratio is thè most important; it even seems that this ratio is thè 
primary factor which stimulates photosynthetic activity. The plants grown 
under thè filters of 425 and 675 nm exhibited great numerical difference con- 
cerning their grana vesicles, whereas thè partieipation ratio of thè grana and 
also of thè dry weight is almost of corresponding value. 
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The first part of thè study was published in thè Acta Bot. Hung., 1975, 21: 
1—2. The present part summarizes thè known microorganisms of thè snow surfaces 
in thè High Tatra, their conditions of occurrence and thè various cryobiotopes. The 
snow vegetation of thè High Tatra is highly diverse, microorganisms inhabiting removed 
regions occur also here. Òwing to its centrai position, thè High Tatra is an aerobio- 
logically important centre, harbouring not only cryobionts of thè Northern Hemi- 
sphere, but also some of thè Southern Hemisphere. The third period of cryobiological 
investigations in thè High Tatra is also discussed. 


The snow microorganisms of thè High Tatra 
and their geographical distribution 

In Table 3, data related to thè conditions of occurrence of micro¬ 
organisms found so far on thè snow spots and thè snow fields of thè High 
Tatra are given according to locality, altitude, author, pH, colour of snow, 
frequency, cryobiological character and distribution. 

It appears from thè Table that a total of 67 microorganisms have so far 
been known from thè snow surfaces of thè High Tatra, partly from literature, 
and partly from thè investigations of Kol. 

Among thè 67 species, there are 2 Chrysophyta , 35 Chlorophyta , 22 Cyano- 
phyta , 5 Fungi and Bacteriophyta , 34 of thè species are cryobionts, 9 species 
are cryophilous and 24 species are of a cryoxenous character. 

Among thè species of a cryoxenous character, cyanophytes predominate; 
these arrive to thè snow-surface probably from thè neighbouring rock walls. 
Among thè cryobionts, thè chlorophytes are thè preponderant ones. 

There are algae which propagate in certain areas so much abundantly 
tliat they cause cryoseston colourations. Such is Chlamydomonas nivalis causing 
red snow (Bau./Wille; PI. I, Figs 4 — 6), one of thè most wide-spread cryobionts 
is Chlamydomonas sanguinea Lag. (Part. I., PI. I, Figs 42 47). Scodella tatrae 

Kol (Part I., PI. I, Figs 30, 36), causing pink snow in thè Tatra Mountains, 
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has so far been known only from that region. Chlamydomonas flavovirens 
Rostaf. and Chlamydomonas rostafinskii Starmach et Kavecka (Part I., PI. I, 
Figs 51 54) cause yellow seston discolouration. The yellow and red snow blooms 

are characteristic seston colours in thè snow of thè Granite Tatra. Chromulina 
ettlii Hindàk causes yellowish-brown snow colourations. 

A characteristic coloured snow of thè limestone region, of thè Bela 
Limestone Alps, is thè green snow caused by Koliella tatrae (Kol/Hindàk; 
PI. I, Figs 23 — 29) and by Carteria gyoerffyi Kol (PI. I, Figs 1 — 9). 

Black snow characteristically occurs in thè snow of thè Tatra Mountains. 
It is caused partly by carbonization, partly by Chlorobacteria and other bacte- 
rium species. 

A number of algal species live exclusively in thè Tatra Mountains, for 
example Carteria gyoerffyi Kol (PI. I, Figs 1 8), Chlamydomonas rostafinskii 

Starmach et Kavecka (PI. I, Figs 51 — 54), Chlamydomonas flavovirens Rostaf. 
Ankistrodesmus longissimus var. rostafinskii Kol, Scodella tatrae Kol (PI. I, 
Figs 31 — 33), Cosmarium subspeciosum var. schaarschmidtii Kol, Cryptomonas 
frigoris Hindàk, Chromulina ettlii Hindàk. For thè time being, these can he 
considered as endemie plants of thè High Tatra. 

The High Tatra, liaving a centrai position in Europe, harbours a number 
of algae which occur on thè snow fields of Europe, North America and also 
other distant regions, for example Chlamydomonas nivalis , Trochiscia cryo- 
phyla , Troch. nivalis , Tetraedron valdezii , Raphidonema nivale , Chlamydo¬ 
monas sanguinea , Scodella cryophila , Koliella tatrae. Chionaster bicornis Kol, 
one of thè characteristic snow fungi of North America and even of Alaska, 
occurs also in thè Tàtra. 

Nivicolous algae, so far known only from thè snow surfaces of thè 
Carpathians can also be found in thè Tatra, e.g .Carteria gyoerffyi Kol, Raphi¬ 
donema tatrae var. fogarasiensis Kol, and others. On thè other hand, there are 
also some species endemie almost only in thè Northern Hemisphere: Chionaster 
nivalis (Bohl.) Wille, Ch. bicornis and other. 

Bipolar microorganisms also live in thè Tatra; they have been found so 
far on thè snow surfaces of thè Northern and Southern Hemispheres. Such are 
Raphidonema nivale Lagerh., Scodella nivalis (Chod.) Fritsch, Selenodla 
nivalis Lagerh., Trochiscia nivalis Lagerh., Chlamydomonas sanguinea , Meso- 
taenium berggrenii (see Table 3). 

As far as aerobiology is concerned, this variety in thè snow vegetation 
of thè Tatra and thè differing origins of thè members of thè snow algal associa- 
tion as well as their distribution in different directions can be explained by 
thè centrai position of thè Tatra. 

A number of species is also found among thè snow algae of thè Tatra 
which are endemie in thè mountains lying near to it, namely in thè Car¬ 
pathians, or in thè Balkan Mountains. 
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Recent cryobiological researches in thè Tatra; 
thè third period of cryobiological researches 

The third period which can also be called thè modern age of cryobio¬ 
logical researches began with thè examination of thè physical and Chemical 
characteristics of habitats. The determination of thè pH value of snow in thè 
High Tatra was begun by Kol in 1932 (see thè Chapter on pH measureinents). 
She carried out pH and temperature measurements of ice and snow in thè 
Alps in 1933, and at various points of thè Rocky Mountains in North America 
in 1936. She classifies thè cryobiotopes on thè basis of these pH measurements 
(see Kol 1968. 26). 

Measurements of thè pH values of cryobiotopes were continued in vari¬ 
ous parts of thè world: H. Fukushima in Japan (1953), and in thè Antaretica 
(1959); R. K. Garrir in North America: Olympic Nat. Park, Mt. Rainier 
Nat. Park, and in other mountains (1965); W. H. Thomas in thè Sierra Nevada, 
California (1969); G. E. Fogg in thè snow fields of thè Antaretica (1959); 
S. Eurola in Finland and in thè Spitzbergen (Kol—Eurola 1973); J. P. 
Peterson in thè Carstens Mountains of New Guinea (1973). 

In 1833, Chorus carried out light measurements in connection with 
cryobiological researches in thè Jungfrau Pass (Kol 1968); others have also 
conducted pH and other measurements in connection with quantitative snow 
vegetation examinations since that time: G. B. Fogg (1970) in thè Antaretica; 
W. H. Thomas in thè Sierra Nevada, California (1969); S. Eurola in Finland 
and in thè Spitzbergen (Kol Eurola 1973); J. P. Peterson in thè Carstens 
Mountains of New Guinea. 

As regards thè cultivation of snow microorganisms, and obtaining thè 
pure species cultures A. E. Flint was thè first to succeed in cultivating some 
algal cryobionts, on one of thè island groups of thè Antaretica, from thè green 
snow collected on thè Balley Islands (Kol—Flint 1967). G. E. Fogg carried 
out cryobiological, physiological quantitative researches and set up cultiva- 
tions in thè Orkneys. Stein and Brooke (1964) cultivated Sphaerellopsis rubra 
Stein et Brooke, an alga from thè snow surfaces of thè Seymour Nat. Park 
in British Columbia; J. Stein (1963) cultivated Chromulina chionophila Stein 
from thè snow of British Columbia. 

It is a welcome phenomenon that cryobiological researches today have 
taken a greater impetus in thè High Tatra. W. H. Thomas (1970) carried out 
various measurements, researches, quantitative analyses, and set up cryoalga 
cultivations in thè Sierra Nevada, California. 

Physiological, coenological, cryophysiological researches and cryoalga 
cultivations have begun. 

In thè High Tatra, Hindak succeeded in cultivating pure strains of one 
characteristic alga of thè green snow in thè Bela Limestone Alps, namely 
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Table 3 


The distribution of thè microorganism 


Microorganis m s 

Locality 

Author 

A 1 g a e 

Chrysophyta 

Chromulina ettlii Hindàk 

12 

H 

Cryptomonas frigoris Jav. et Hindàk 

31 

J-H 

Chlorophyta 



Volvocales 



Carteria gyoerffyi Kol 

5 

k 4 , p, k 

Carteria nivalis var. minor Kol 

11 

k 7 

Chlamydomonas flavovirens Rostaf. 

24, 27 

Be, P, Ps, R 

Chlamydomonas nivalis (Bau.) Wille 

1-4, 7-11, 12- 

K, Kj, K 3 , K 6 _ 9 , 


23, 24-27, 29 

J, M, P, R, S 

Chlamydomonas rostafinskii Starmach et Kavecka 

2, 25 

J, H, St 

Chlamydomonas sanguinea Lagerh. 

12, 21 

k 8 , k 9 

Fortiella scrobiculata Pascher 

Haematococcus lacustris (Girad) Rostaf. = Chlamy - 

1, 2, 3, 4 

Kj, K 5 

domonas nivalis (Bau.) Wille. 

Pteromonas nivalis Chod. = Scotiella nivalis 

2, 27 

P, R 

(Chod.) Fritsch 

2, 3 

Kj, Sch 

Protococcales 



Ankistrodesmus longissimus (Lemm.) Wille var. 
rostafinskii Kol. 

Ankistrodesmus tatrae Kol = Raphidonema tatrae 

1, 11 

Kj, ^3’ ^7 

Kol = Koliella tatrae (Kol, Gyorffy) Hindàk 

1, 5 

Kj, K 4 , H 

Scenedesmus ci. bijugatus (Turpin) Kg. 

25 

St 

Oocystis gigas var. borgei Lemm. f. nivicola Kol 

12, 3a 

K 

Pleurococcus vulgaris var. cochaerens Wittr. 

Scotiella cryophila Chod. = Pteromonas cryophila 

5, 7, 13, 14, 15, 3a 

K, K 9 , Sch 

Chod. 

Scotiella nivalis (Chod.) Fritsch = Pteromonas 

2, 26 

Ps, K 

nivalis Chod 

2, 3, 3a, 7, 11, 14, 

K, Kj, K 5 , K 7 , P, 


20, 22, 23, 29 

Si 

Scotiella tatrae Kol 

10 

k 7 

Tetraedron valdezii Kol 

3a, 5,7, 12-16, 19 

K, K s 

Trochiscia nivalis Lagerh. 

22 

Si 

Trochiscia cryophyla Chod. 

13 

K 

Scotiella norvegica Kol f. minor Kol 

13 

k 9 

Ulotrichales 



Gyoerffyella tatrica Kol = Gyoerfyella tatrae Kol = 



Gyoerffyella rotula (Hohni) Marv. 

1, 2, 11 

Kj, K 5 , K 7 , P 

Hormidiopsis crenulata (Kg.) Heering 

11 

k 7 

Koliella tatrae (Kol in Gyorffy) Hindàk 

11, 12, 14 

K, K-, K 8 , K 9 

Koliella tatrae var. fogarasensis (Kol) Hindàk 

11 

k 7 

Raphidonema brevirostre Scherffel 

2, 3, 3a, 12, 14 

K, Kj, K 5 , Kg 

Raphidonema nivale Lagerh. 

1, 3, 3a, 6, 7, 12, 

K, Kj, K 5 , K 8 


13, 15, 17-20 


Raphidonema sabaudum f. tatrica Kol 

Raphidonema longissimus var. rostafinskii Kol = 

11, 12 

K 7 , K 8 

Ankistrodesmus longissimus var. rostafinskii. Kol 

1 

Ko, K 5 

Stichococcus nivalis Chod. 

11, 12, 13 

K, K-, K 8 

Ulothrixflaccida Kg. 

1 

Kj, K 5 
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in thè snow of thè High Taira 


Character of thè snow 

Occurrence 

Type of 
thè 
micro- 
org. 

Distribution 

Altitude 

pH 

Colour 

Granite 

Linie¬ 

stone 

1600 

5.1 

y — br 

ra 


cb 

ra 

ra 


2000 


g, r 

■ 


cb 

ra 

— 

— 

1700-1800 

6.5—6.0 

g 


C 

cb 

ra 



1500 

— 

b 

— 

— 

cb 

ra 

— 

_ 

1880 

— 

y 

— 

— 

cb 




1680, 2000, 2180 

5.5 —5.4 

r, b 

— 

— 

cb 

c 

c 

c 

2000 

_ 

y 

ra 

_ 

cb 

ra 

_ 

_ 

1950 

5.5 

r 

ra 

— 

cb 

ra 

ra 

— 

1340, 2180 

5.5—6.0 

— 

ra 

— 

ex 

ra 

— 

— 

— 

- 

r 

c 


cb 

c 

c 

c 

1680, 2150 

5.5 

r, b 

- 


cb 

c 

c 

— 

1340, 1800 

5.5 

b 

r 

ra 

cb 

ra 

- 

- 

1340, 1500 

6.5—6.0 

g 

ra 

c 

cb 

c 

ra 

ra 

— 

— 

y 

ra 

— 

cb 

ra 

— 

— 

1700 

5.5 

b 

ra 

— 

cp 

ra 

_ 

— 

1700, 1950 

5.5 

b 

c 

ra 

cp 

c 

c 

ra 

2180 

5.5 —5.4 

r 

ra 

- 

cb 

ra 

ra 

ra 

1340, 2180 

6.5 —5.4 

r, g, b, p 

c 

ra 

cb 

c 

c 

c 

2000 

5.5 —4.4 

r, P 

ra 

_ 

cb 

ra 

_ 

_ 

1800, 2700 

5.5 

g 

ra 

— 

cb 

ra 

ra 

ra 

2000 

— 


ra 

— 

cb 

ra 

ra 

ra 

— 

— 

b 

ra 

— 

cb 

ra 

ra 

ra 

1950 

5.5 

b 

ra 

— 

cb 

ra 

ra 

— 

1340, 2180 

6.5 —5.5 

r , g 

ra 

ra 

cp 

ra 

_ 

_ 

1500 

— 

— 

ra 

— 

ex 

ra 

— 

— 

1340, 1500 

6.5 — 5.5 

g 

ra 

c 

cb 

c 

ra 

ra 

1500 

— 


ra 

— 

cb 

ra 

ra 

_ 

1710, 2180 

5.5 

r 

ra 

_ 

cb 

ra 

ra 

_ 

1340, 1680, 1710, 

6.5 — 5.4 

r, g 

c 

ra 

cb 

c 

c 

c 

2250 









1500 

- 

— 

ra 

- 

cb 

ra 

- 

— 

1340 

6.5—6.0 

g 

_ 

ra 

cb 

ra 

_ 

_ 

1500 

5.5 

b 

ra 

— 

cb 

ra 

— 

— 

1340 

6.5-6.0 

g 


ra 

ex 

ra 
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Table 3 (coni.) 


Microorganisms 

Locality 

Author 

Conjugales 

Desmidiaceae 

Ancylonema nordenskiòldii Berggr. 

25 

St 

Cosmarium subspeciosum Nordst. var. scharschmid- 
tianum Kol 

2 

K, 

Cylindrocystis brebissonii var. minor West, et 
West. 

11, 12 

k t , k 8 

Mesotaenium berggrenii (Wittr.) Lagerh. 

16 

K 

Mesotaenium macrococcum var. micrococcum (Kg.) 

G. et W. West. 

11, 12 

k 7 , k 8 

Cyanophyta 

Aphanocapsa nivalis Lagerh. 

1 

K„ K a 

Chalothrix parietina (Neeg.) Thur. 

11 

K- 

Chroococcus rufescens (Bréb.) Nàg. 

2 

K, K 5 

Chroococcus scherffelianus Kol 

2 

K, K 5 

Gloeocapsa alpina Nàg. 

1, 3a, 15, 19, 28 

K, K„ K 5 , K 8 , R 

Gloeocapsa kuetzingianum Nag. 

1, 12, 3a 

K, K„ K 5 , K 8 

Gloeocapsa magna (Bréb.) Kg. 

3a 

K 

Gloeocapsa muralis Vig. 

3a 

K 

Gloeocapsa ralfsii (Harv.) Leinm. 

1, 2, 3, 7, 11, 12, 

K, K„ K 5 , K 7 , K 8 

Gloeocapsa ralfsiana (Harv.) Kg. = Gloeocapsa 
ralfsii (Harv.) Lemm. 

15, 16, 19, 20, 3a 

22, 28 

Si, R 

Gloeocapsa sanguinea (Ag.) Kg. 

2, 3a, 13, 19 

K, Kj, K 5 

Gloeocapsa turgida (Kg.) Hollerbach 

25 

St 

Gloeothece fuscolutea Nàg. 

3a 

K 

Nostoc fuscescens Fritsch 

2 

K, K 5 

Petalonema densum (A. Br.) Mig. 

2 

Phormidium frigidum Fritsch 

1 

k i 

Romeria cryophyla Kol 

11, 13 

k 7 , k 8 

Siphononema polonicum (Rac.) Geitler status 
pleurocapsoides 

11 

k 7 

Stigonema hormoides (Lagerh.) Ag. 

3a 

K 

Stigonema mamillosum (Lyngb.) Ag. 

12, 3a 

K, K 8 

Scytonema minor (Schmidle) Lemm. 

1 

K v K 5 

Scytonema minor var. istvanffiana Kol 

4 

K„ K 5 

Fungi 

Asterothrix raphidioides (Reinsch) Printz 

11 

k 7 

Chionaster bicornis Kol 

3a, 10, 11, 15, 16, 

K, K fi , K 7 , Si 

Chionaster nivalis (Bohl.) W ille 

19, 20, 22 

1, 3, 4, 8, 9, 10- 

K, K p K 5 , K-, Si, 

20, 22, 29, 3a 

Sch 

Gyoerffyella rotula (Hohn.) Marvanovà = Gyoerffy- 
ella tatrica Kol 

30 

M 

Selenotila nivalis Lagerh. 

1, 16 

K, Kj 

B a c t e r i a 

Sorochloris aggregata var. nivicola Kol 

12 

K 8 

Chlorobacteria sp. 

11, 12, 14, 3a 

K, K 7 , K 8 


Abbreviations in Table 3 see p. 287. 
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Character of thè snow 

Occurrence 

Type of 
thè 
micro- 
org. 

Distribution 

Altitude 

P H 

Colour 

Granite 

Lime- 

stone 



y 


r, ra 


cb 

r, ra 

c 

c 

2180 

5.5 

r 


ra 

- 

cp 

r 

— 

— 

1500 

5.5 

b 


ra 

_ 

cp 

ra 



— 

— 

b 


ra 

— 

cb 

ra 

c 

c 

1340-1680 

5.5 

b 


ra 

— 

ex 

ra 

- 

- 

1340 

6.5—6.0 

g 



ra 

cp 

ra 

ra 


1500 

— 


_ 

ra 

— 

ex 

_ 

_ 

_ 

2180 

5.5 

r 


ra 

_ 

ex 

_ 

_ 

_ 

2180 

5.5 

r 


ra 

_ 

cp 

_ 

_ 

_ 

1340-1710 

5.0—5.5 

g. 

b 

c 

c 

cb 

ra 

ra 

_ 

1340-1710 

5.5 

b 


ra 

— 

ex 

ra 

_ 

_ 

1700 

5.5 

b 


ra 

— 

ex 

ra 

_ 

_ 

1710 

5.5 

b 


ra 

— 

ex 

_ 

_ 

_ 

1340-1710 

6.5 —5.5 

r. 

b, g 

c 

ra 

cp 

c 

c 

c 

_ 

_ 

r 


ra 


ex 




1700-2180 

5.5 —5.4 

r 


c 

ra 

ex 

c 

ra 

ra 

— 

— 

y 


ra 

r 

ex 

ra 

— 

— 

2180 

5.5 

b 


ra 

_ 

ex 

_ 

_ 

_ 

2000 

5.5 

r 


ra 

_ 

ex 

_ 

_ 

_ 

2180 

5.5 

r 


ra 

— 

ex 

_ 

_ 

_ 

1340 

6.5 

g 


ra 

ra 

ex 

_ 

_ 

_ 

1500-1950 

— 

b 


ra 

— 

ex 

- 

- 

— 

1500 

_ 


_ 

ra 


ex 




1700 

5.5 

b 


ra 

_ 

ex 

_ 

_ 

_ 

1700 

5.5 

b 


ra 

_ 

ex 

_ 

_ 

_ 

1340 

6.5 

g 


ra 

_ 

ex 

_ 

_ 

_ 

2047 

— 


— 

ra 

— 

ex 

— 

— 

— 

1500 




ra 


ex 




1340-2280 

5.5 

r. 

P 

ra 

— 

cb 

ra 

ra 

ra 

1340-2180 

6.6 —5.5 

g> 

b 

c 

c 

cb 

c 

ra 

ra 

1800 




ra 


ex 

ra 



1340-1700 

6.0—5.5 

gì 

b 

ra 

ra 

cb 

ra 

ra 

ra 

1700 

5.5 

b 


ra 


cp 

ra 



1500-1710 

5.5 

b 


ra 

ra 

cb 

ra 

ra 

ra 
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Koliella tatrae (Kol) Hindàk. Then Javornicky and Hindàk cultivated Chro - 
mulina ettlii Hindàk, causing thè yellowish-brown cryoseston colourations in 
thè Tatra. They also succeeded in pure cultivations of Cryptomonas frigoris 
Javornicky Hindàk, a chrysophyte. They carried out cryoecological, physio- 
logical, optical and other researches; and Komarek, Hindàk and Javor¬ 
nicky, at various points of thè High Tatra: 1. in thè Valley Pod Sikou; 

2. in thè Valley of Zmszla Velki Znrzla; 3. in thè Valley Malà Stidenà Dolina; 

4. in thè Valley Tristàrskà Dolina (Komarek Hindàk—Javornicky 1973). 

Summary 

The paper mentions 67 microorganisms from thè snow surfaces of thè 
High Tatra; among them, 34 are cryobionts, 9 of cryophilous and 24 of cryo- 
xenous character (see Table 3). The microorganisms of two kinds of red, one 
pink and one yellowish-brown, two kinds of yellow, and two kinds of green 
cryosestone colourations are known. It can be stated that thè cryovegetation 
of thè High Tatra is rich in species. From an aerobiological point of view, « 
thè High Tatra is significant, its location is centrai, and this is how thè rather 
far-reaching geographical distribution of snow alga species of thè Tatra Moun- 
tains is explainable. 

On thè basis of Kol’s pH measurements, thè pH value of thè snow fields 
in thè Granite Tatra is between 5.5 and 5.2, and these pH values are charac- 
teristic of thè red and pink snow colours. The pH value of thè snow surfaces 
in thè Limestone Tatra, thè Bela Limestone Alps lies between 6.5 and 6.0, 
these pH values are characteristic of thè green cryoseston (see Table 2). 

In thè course of cryobiological researches, three periods can be distin- 
guished: 1. thè observation of coloured snows; 2. morphological, taxonomical 
and cytological researches of thè algae causing coloured snows, and in generai 
of thè microorganisms living on snow and ice surfaces; 3. investigations of thè 
physical and chemical characteristics of cryobiotopes; quantitative, physio- 
logical, ecological, and optical examinations; cultivation of cryo-microor- 
ganisms and thè setting up of pure cultivations. 

Cryobiological researches in thè High Tatra area belong in thè third 
pcriod. Kol took pH measurements (see Tables 1 and 2), Komarek, Hindàk 
and Javornicky conducted cryo-ecological, physiological, and optical re¬ 
searches into snow colourations; and they set up cultivations of thè new species 
Cryptomonas frigoris Hindàk Javornicky and Chromulina ettlii Hindàk; thè 
latter from thè yellow and yellowish-brown cryoseston of thè Tatra Mountains. 
Hindàk also succeeded to obtain a pure cultivation of Koliella tatrae , causing 
thè green snow in thè Tatra. 

The authoress summarizes in Table 3 thè microorganisms of thè vegeta- 
tion known so far in thè Tatra. The Table reveals that a number of bipolar, 
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alpine, alpine-arctic microorganisms live in thè snow of thè Tatra. According 
to Kol’s classification, thè cryovegetation of thè Tatra belongs in thè third 
upper cryovegetation type (Kol 1968). Some endemie snow alga species also 
belong here, together with species which live also in thè snow fields of North 
America, Alaska, and even in thè Antarctica. 


Abbreviations in Table 3* 

1—31 = Locality of collections (snow samples); G = Gutwinski 1909, GYj = Gyórffy 
1927a, Gy 2 = Gyórffy 1927b, Gy 3 = Gyórffy 1928, H = Hindak 1963, Hj = Hindak 
1969, J—H = Javornicky et Hindak 1970, K = Kol in mscr, K 1 = Kol 1928, K 2 == Kol 
1927, K 3 = Kol 1927a, K 4 = Kol 1949, K 5 = Kol 1948, K e = Kol 1965, K 7 = Kol ]966, 
K 8 = Kol 1967, K 9 = Kol 1968, K 10 = 1969, M = Marvanovà—Marvan — Rùzióka 
1969, P = Paryski 1951, Ps = Pospisil 1950, R = Rostafinski 1881, 1927, Sch = Scherf- 
fel 1910, Si = Sieminska 1951, Sij = Sieminska 1956, St = Starmach et Kavecka 1966; 
cb = cryobiont, cp = cryophilous, ex = cryoxenous, r = red, b = black, g = green, y = yel- 
low, p = pink, br = brown; ra = rare, c = common 

* Table 1 and 2 see in part 1 


o : 


Aita Botanica Academiae Scientiarum Hunparicae 21, 1975 

































Acta Botanica Academiae Scientiarum Hungaricae , Tomus 21 (3 — 4), pp. 289 — 304 (1975) 


COMPARATIVE ALGOLOGICAL STUDIES 
IN SOME SOIL TYPES OF THE MÀTRA MOUNTAINS 

By 

Zs. P. Komaromy 

BOTANICAL DEPARTMENT OF THE NATURAL HISTORY MUSEUM, BUDAPEST 

(Received July 15, 1975) 


The most frequently occurring soil types have been examined algologically 
in thè Hungarian Central Mountains — thus also in thè Màtra Mts. The results allowed 
to make certain inferences as far as thè species composition of thè algal flora of some 
soil types and thè connection between soil factors and algal flora are concerned. By 
using culture methods, of thè 120 soil samples 35 species of algae have been identified 
with thè following distribution: 16 green algae, 11 chrysophyceae and 8 diatoms. No 
blue-green algae were encountered. 

When Francé (1913) createci thè concept “edaphon” analogous with 
plankton, he in fact gave name to all beings livin g in and on thè surface of 
thè soil. As ecological knowledge developed it was gradually recognizcd that 
thè surface of thè soil and thè subterranean environment mean two different 
habitats primarily owing to light ecology. Consequently, thè concept of eda- 
phon had to he restricted to living beings inhabiting thè soil itself. Elenkin 
pJieHKHH, 1936) and Hollerbah (rojlJiep6ax, 1936) used thè word edaphon, 
ecologically quite correctly, in connection with blue-green algae already in 
this restricted sense. 

Since algological literature was already hampered with terminologica! 
problems, thè definition of terms became necessary. In his standard soil algo¬ 
logical work, J. B. Petersen (1935), accepting Fritsch’s (1922) more or less 
delimited algal communities, construed them into a System based primarily 
on thè water supply of thè habitat. Hollerbah and Shtina (FoJlJiep6ax M 
UJTHlia, 1969), in their soil algological handbook, surveyed and compared 
thè earlier classifications and on these bases elaborated such a System which 
included all non-aquatic algal communities, precisely defining thè character- 
istics of thè units, what they called cenoses, and thè meaning of thè concept. 

The word “community” used by Petersen (1935) and “coo6meCTBa 
BOAopocjiefi” and “ueno3bi BOAopocjieH” and “rpynrmpoBKH BOAopocjieH” and 
thè algal synusium (Hollerbah and Shtina, 1969) refer to thè fact that 
thè species composition of thè algal flora of thè soil is not random but defined 
and characterized by thè biotope and thè association. The expressions in 
various technical literature mean “community” in thè broad sense of thè 
word, and they are not identical with thè concept “association” as used by 
Braun-Blanquet (1932) and by Du Rietz (1930, 1936). 
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Soil algology, as an independent branch of soil biology, with its special 
field, means of rescarch and its tasks, developed at thè end of thè 1820s, later 
than thè other hranches of soil biology. One of thè reasons for this was tliat thè 
practical importance of soil algae in microbiology was far smaller than that 
of thè other subterraneously living organisrns. Another reason was that it 
was believed for some time that thè metabolism of thè autotrophic algae was 
impossible in thè soil, and thus they occurred in thè soil only in thè forni of 
spores. 

In thè last fifty years our knowledge gradually increased as far as thè 
distribution of soil algae and their role in thè life of thè soil are concerned. 
It was found that they are extremely widespread and of paramount importance 
in thè biological decomposition of rocks and in various biological processes 
enacted in thè soil. Consequently, thè soil algae are reai elements of thè eco- 
system, and their importance and role vary according to thè given ecosys- 
tem. 

The association, as thè unit of vegetation, comprises several strato- 
cenoses in thè soil. The soil has a unified ccology and a stable species combina- 
tion, and may consist of several synusia, i.e. bactcrial, actinomycetic, algal, 
etc., alliances. 

The soil algal communities may appear as thè components of various 
associations or independently (e.g. on rocks, natron flats, deserts), mainly in 
definite specific composition, thè species are assumably interconnected with 
one another and with their environment, therefore, they are best be regarded 
as synusia. 

The specific research methods of soil algology developed through thè 
iinprovement and appropriate application of thè prevailing methods in soil 
biology and soil Sciences. The direct qualitative and quantitative methods 
invariably mean thè direct microscopie examination of thè soil: thè soil samples 
are treated to yield preparations suitable for microscopie studies (Hollerbah, 
1969; Tchan, 1952). 

The taxonomic identification of algal species can only be done by indirect 
methods, since most soil algae can be identified only by knowing all inter¬ 
mediate stages of development. Enrichinent cultures, and cultures obtained 
by different liquid cultures inoculated into culture media assist in recognizing 
thè stages of development characteristic for thè species. 

Cultures must be applied also in cases when only a small number of algal 
cells occurs in thè soil and thè direct analysis is unfeasible. In such cases, how - 
ever, we should bear in mind thè fact that thè algae developed in cultures 
do not reflect thè prevailing conditions found in naturai communities. Thus 
thè list of algae received by various culture procedures cannot be used to 
discover thè quantitative regularities of an algal community in naturai condi¬ 
tions, tliough may be suitable for thè coinparison of different soil types as 
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to their algal florae, and for an inquiry into thè distribution of thè individuai 
species per soil type. 

The study of epi- and subterranean algal communities at thè level of our 
present knowledge comprises two closely related steps. First, thè alga species 
inhabiting thè examined soil type have to be known, and only after this mav 
a study of thè relationship between thè quantitative conditions of algal coiti- 
munities and thè environmental factors be launched. 

In thè present study I propose to attempt on thè basis of algal lists, 
obtained during earlier investigations, to algologically characterize and com¬ 
pare some of thè most frequently occurring soil types in thè Màtra Mountains. 


Material and method 

The sample plot of thè soil algological investigations He along thè highway connecting 
Màtrahàza and Galyateto, removed several kilometres from each other in thè submountaine 
beech forest where thè most characteristic and most frequently occurring soil types are found. 

Since thè selected sample plots are in thè zonal beech forest, there are no macroclimatic 
differences This region has a poor shrub level, nor is thè grass cover very rich in species. 
Under such conditions, it may well be expected that thè experienced algological differences 
result primarily from soil and microclimatic differences. 


Table 1 


Comparative table of soil types and associations occurring in thè sample plots 


Sampling place 

Soil type 

Association 

Kislipót Mt. 

nonpodzolized acidic brown 
forest soil 

Deschampsio-Luzulo- Fagetum 

Bagolyko I. 

clay lessivated brown forest 
soil 

Melitti- Fagetum (caricetosum pilosae) 

Bagolyko II. 

mull-ranker 

Mercuriali-Tiliaetum 

Paràd 

(Raman-type) brown earth 

Melitti-Fagetum (caricetosum pilosae) 


During thè investigations I compared only thè 0—5 cm upper soil layer. because in 
my experience this layer harbours thè majority of algae. The depth distribution of soil algae 
would require another study and be published separately. 

The soil samples were taken by an UNGER-type bacteriological soil borer (see Fig. 1), 
applying thè random sampling method. In thè unscrewable head-part of thè soil borer num- 
bered metal cylinders (capsules) may be inserted. The capsules, together with their rubber 
caps, were degerminated in a steam sterilizator prior to sampling. The soil sample is re- 
covered together with thè capsule, and sealed air-tight by thè help of a rubber cap at both 
ends. Accordingly, a large number of soil samples could be carried back to thè laboratory, 
in a comparatively small place and in safety. 

Sampling was repeated from March to October once a month in 1973 and 1974 (a total 
of 120 samples were taken in 16 occasions). The soil samples were placed on thè next day in 
sterile Petri dishes and. having sprinkled them with sterile water, put on shelves. On thè sur- 
face of thè moist soil and on thè inner sides of thè dishes green alga coats appeared in a matter 
of a few weeks. 

The identification of thè alga species was made partly from these soil cultures (enrich- 
ment cultures), and partly by thè help of liquid and agar cultures obtained from thè 
purification of thè initial material. 
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Table 2 


The results of physical and chemical analyses 
of thè examined soil types (0 — 5 cm layer) (Cf. XovÀcs 1975) 


Basic study data 


Soil 

type 


brown earth 

clay lessivated 
brown forest 
soil 

mull-ranker 

nonpodzolized 
acidic brown 
forest soil 

pH in water 

6.2 

5.9 

6.4 

4.2 

Humus % 

10.9 

9.0 

23.3 

10.9 

hy 

6.5 

4.7 

10.4 

9.5 

Mech. comp. 





<0.002 

30.5 

10.8 

4.0 

9.4 

0.002-0.02 

33.8 

53.4 

50.5 

54.5 

0.02-0.2 

25.1 

25.0 

13.7 

6.2 

0.2< 

10.6 

10.8 

31.8 

29.9 


47 mm 







To thè liquid cultures Detmer solution (diluted to 1 : 3) and Bold solution were added. 
In thè case of agar cultures I always used Detmer solution with 1.5% agar-agar. 

In order to compare thè algal flora of different soil types, I made use of mathematical 
statistical methods. The most suitable biometrical method proved to be thè one which makes 
it possible to compare two experienced frequency distributions, using several classes (Svàb, 
1967). 
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During thè investigations all four types of soil have been compared to each other, in 
each case thè summarized results of thè soil samples originating from two-two sampling plots 
have been grouped in thè same class. The classes refer to thè cultured algal species derived 
from thè individuai soil types, and thè experienced frequency value of thè individuai algal 
species corresponds to their occurrence in thè soil samples taken from thè examined sampling 
plot. 

When calculating significance, thè value of x 2 was obtained from— 



na 2 

< i ì + b ì 

na + nò 

na | 

[ na V 

na -f- nò ' 

[ na + nò ) 


where aj frequency value in one of thè soil types 
bj = frequency value in thè other soil type 
na = sum of frequency values in one of thè soil types 
nò = sum of frequency values in thè other soil type 

The / 2 values thus obtained was compared to thc values of x 2 (Svàb l.c.) at thè actual 
degree of freedom (DF k —1, where k equals thè nuinber of classes, i.e. thè number of species 
in thè two soil types). The algal floras of thè two soil types were considered to be different 
when thè significant difference (SD) was P% 5 or smaller. 


brown earth 
(Ramann-type brown 
forest soil ) 


clay lessivated 
brown forest soil 




mull-ranker soil 



brown forest 
nonpodzolized 
acidic soil 



Chlorophyta 
Xantophyta 
/ / / \ Bacillariophyta 
Cyanophyta 



natron soil 
(Oroshàza) 


brown forest soil of a 
calciphilous oak forest 
(Buda Hills ) 


Fig. 2. The percentual proportion of thè divisions of algae compared to one another in some 
soil types collected in thè Màtra Mountains, and thè further comparison of these data to 
those of a natron soil and of a brown forest soil in a calciphilous oak forest 


The algological characterization of thè examined soil types 

The soil of thè various associations, as thè product and substrate of thè 
ecosystem, changes according to association, each of them harbours a more 
or less different algal flora. The terricolous algae can be studied only under 
thè microscope in a laboratory in contrast to thè flowering and vascular 
cryptogamic plants, because thè culture method applied here harbours a 
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number of possibilities for error, therefore these results should be used with 
caution. 

During culture, thè different algal species do not develop with thè same 
intensity, therefore thè prevailing quantitative conditions in thè various 
cultures are not characteristic of naturai conditions. The frequency of a given 
species in nature may be inferred from its occurrence per soil sample. To draw 
conclusions as far as thè algological “productivity” of a soil type is concerned 
we should consider thè ratio of thè actually collected and thè algologically positive 
samples. (Among thè soil samples drawn in culture there are always some which 
do not yield any appreciable amount of algae even after a prolonged breeding, 
these are considered “negative” samples.) 

Taking into account what has been said above, first thè most frequently 
occurring algal species are listed in thè following analyses then those found 
in at least two soil samples but in less than half of all samples, and finally 
those which bave been ascertained only in one sample only. 


The algological characterization of brown earth 

The brown earth (Rammari* s brown forest soil) is widespread in thè oak, 
hornbeam-oak and beech forests of thè Hungarian Central Mountains. At thè 
examined localities, thè area is moist and thè microclimate cool owing to tlieir 
low situations. The soil is moist thoughout thè year. To about a depth of 
20 cm, thè soil, without its litter layer, is a black, crumbling “A” level. Accord- 
ing to laboratory examinations, thè upper 10 cm has a humus content of about 
10%, this, however, rapidly decreases downward. Soil reaction is weakly 
acidic (pH 6.2, gradually decreasing downward). (Cf. also KovÀcs, 1975.) 

The microscopie picture of thè soil cultures shows a wide spectrum of 
species. In thè different samples many species were found side by side, among 
them some species occurred in large individuai numbers.The following species 
occurred in every sample and in comparatively great masses: Botrydiopsis minor 
(Schmidle) Chod., Chlamydomonas spp., Chlorococcum humicolum (Naeg.) 
Rabenli., Monodus subterranea B. Petersen, Pleurochloris anomala James and 
Vischeria stellata (Chod.) Pascli. (Figs 3, 4). 

The following species appeared more rarely, in less than half of thè 
samples: Botrydiopsis intercedens Pascli., Chlorella vulgaris Beyerinck, Cocco - 
myxa dispar Schmidle, Ellipsoidion oocystoides Pascli., Chlorhormidium spp., 
Keratococcus bicaudatus Pascli., Nephrodiella brevis Vischer, Pseudochlorella 
subsphaerica Reisigl, Stichococcus bacillaris Naeg. and Trochiscia reticularis 
(Reinisch) Hansg. 

The characteristic cells of Botrydiopsis intercedens Pascli, with iron- 
incrustation, and thè reticulately thicked walls of Trochiscia reticularis (Rei¬ 
nisch) Hansg. (Fig. 3) were found only in this soil type. 
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Fig. 3. Some eharacteristic and widespread soil algae froin Mts Màtra. I. 1. C.hlorococcum humi- 
colum (Naeg.) Rabenh.; 2. Chlamydomonas intermedia Chod.; 3. Chlamydomonas peterfii Gerì.; 
4. Chlorhormidium flaccidum (Kiitz.) Fott; 5. Oocystis asymmetrica W. West; 6. Trochiscia 

reticularis (Reinisch) Hansg. 

The algological characterization of clay lessivated broivn foresi soil 

This is thè most wide spread soil type not only in thè Màtra Mountains 
but also in thè wliole of thè Hungarian Northern Mountains. It occurs in thè 
oak, hornbeam-oak and in thè beech zones, too. Among thè examined soil 
types of thè Màtra Mountains it is thè most compact soil type with thè lowest 
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amount of humus. Owing to thè southern exposition of thè sample plot, its 
microclimate is dry and warm, thè soil desiccates quickly. At thè foot of thè 
trees devoid of a litter cover, thè soil frequently cracks. The upper 0 5 cm 

layer is a dark brown, loose “A 0 ” level. Below it, we find level “Aj”, of a light 
brown colour and of a porous structure mixed with rocks, followed further 
down by level “A.,”, lighter brown and of a more compact structure. According 
to laboratory examinations, thè highest humus content is found in thè upper 
5 cm layer (9%), thè quantity of which rapidly decreases with depth and in 
thè 5 15 cm layer its amount hardly reaches 1%. Soil reaction is weakly 

acidic (pH 5.9, but in level 46 A 1 ” it decreases to 4.9). (Cf. KovÀcs 1. c.) 

The algological picture of thè cultures was characterized by thè davate 
spinous cells of Vischeria stellata (Chod.) Pasch. It occurred in almost every 
sample and its individuai numbers surpassed tliose of any other species through- 
out thè year (Fig. 4). 

Botrydiopsis minor (Schmidle) Chod. and Chlamydomonas intermedia 
Chod. appeared in fewer samples and in smaller individuai numbers (Figs 

3, 4). 

Some other species, as Chlorococcum humicolum (Naeg.) Rabenh., 
Hantzschia amphyoxis (Ehr.) Grun. and Pinnularia spp. appeared rarely, 
in one sample only. In cognizance of thè rich diatomous flora of thè mull- 
ranker soil above thè sampling plot, Pinnularia borealis Ehr., P. intermedia 
Lagerst. and P. obscura Krasske were probably washed down by rain water 
to this lower area. 

The algological characterization of mull-ranker soil 

Owing to thè effect of thè steep northern slope on thè examined plot, 
soil motion is quite pronounccd. The torrential rainwater, thè continuous 
passage of smaller or larger animals contribute to thè downward motion of 
thè soil. On small areas covered with vegetation and at thè foot of trees thè 
motion is slower and thè cool and moist soil rich in nutritive materials, 
accumulates (in some places to a depth of 40 80 cm). In consequence of thè 

microclimate, thè soil temperature is by 4 5 °C lower tlian elsewhere, i.e. on thè 

ridge. As a result of thè continuous and slow mixing, thè soil is homogenous 
in all samples, no levels are to be found. Immediately below level “A”, thè 
parent rock appears. The humus of thè 30 60 cm thick soil layer is mull- 

like, black in colour, loose in structure, and moist even in thè driest period 
of thè year. According to laboratory examinations, thè soil is poor in clay, 
rich in humus (23%), thè soil reaction weakly acidic (pH 6.2 6.5). (Cf. 

KovÀcs l.c.) 

The algafloristic picture of thè mull-ranker soil is characteristic: large 
masses of moving diatoms are present. In most of thè samples Vischeria stel- 
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Fig. 4. Some characteristic and widespread soil algae from Mts. Màtra. II. 7. Vischeria stellata 
(Chod.) Pasch.; 8. Pleurochloris anomala James; 9. Botrydiopsis minor (Schmidle) Chod.; 
10. Chlorocloster terrestris Pasch.; 11. Hantzschìa amphyoxis (Ehr.) Grun.; 12. Pinnularia 
borealis Ehr.; 13. Navicula vaucheri B. Petersen; (10 firn = = 10 mm in thè picture) 


lata (Chod.) Pasch., Hantzschia amphyoxis (Ehr.) Grun. and Navicula vaucheri 
B. Petersen were quite common, though Navicula borrichii B. Petersen, Pin¬ 
nularia intermedia Lagerst. and P. obscura Krasske likewise occurred in many 
samples and in comparatively large individuai numbers (Fig. 4). 

On thè other hand, Chlorococcum humicolum (Naeg.) Rabenh., Dactylo- 
coccus sp., Heterotrhix exilis Pasch., Chlorhormidium flaccidum (Kiitz.) Fott, 
Nephrodiella brevis Vischer, Oocystis asymmetrica W. West occured in small 
individuai numbers and each in one sample only. 

Navicula vaucheri B. Petersen and N. borrichii B. Petersen were en- 
countered only in this type of soil. 
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The algological characterization of thè nonpodzolized acidic brown for est soil 

The upper acidic soil, rich in muli-humus, differs both in colour and in 
structure from thè layer immediately below it. The thin black upper “A 0 ” 
level (0 3 cm), rich in roots and mycelia is sharply delimited from thè lower, 

yellow, rocky “Aj” level. According to laboratory examinations, thè upper 
0 3 cm layer is rich in humus (22%), acidic in reaction (pH 4.0), clayey 

(10 20%) but poor in calcium. Owing to its high humus content, it is generally 

moist. (Cf. KovÀcs l.c.) 

The algafloristical picture of thè soil cultures shows large masses of 
intertwinning filamentous green algae and great numbers of thè green globules 
of Chlamydomonas colonia and of thè cells of Chlorococcum humicolum (Naeg.) 
Rabenh.The following species also occurred in almost every sample and general¬ 
ly in large individuai numbers: Chlorhormidium flaccidum (Kiitz.) Fott, 
Chlorhormidium crenulatum (Kiitz.) Kom., some other Chlorhormidium and 
Chlamydomonas species, together with Monodus subterranea B. Petersen and 
Chlorococcum humicolum (Naeg.) Rabenh. (Figs 3, 4). 

Chlorocloster terrestris Pasch., Pseudochlorella subsphaerica Reisigl, Sticho- 
coccus bacillaris Naeg., Ellipsoidion oocystoides Pasch. were encountered in 
some of thè samples only, in small or in moderate numbers. 

The following species appeared only in one sample each and in a very 
small individuai numbers: Chlamydomonas intermedia Chod., Coccomyxa dispar 
Schmidle, Chlorhormidium nitens (Hansg.) Kom., Pleurochloris anomala James, 
Tribonema minus (Wille) Hazen, Vischeria stellata (Chod.) Pasch., Hantzschia 
amphyoxis (Ehr.) Grun., Navicula mutica Kiitz. and Pinnularia borealis Ehr. 

Three species were found only in this type of soil: Chlorocloster terrestris 
Pasch., Chlorhormidium nitens (Hansg.) Kom. and Tribonema minus (Wille) 
Hazen. 

The majority of thè species occurring in thè soil samples taken in thè 
Màtra Mountains belong in thè genera of Chlorophyceae and Xanthophyceae . 
In one of my earlier studies concerning thè Buda Hills, I reached thè same 
conclusion (Komàromy, 1969a, 1969b). 

Similar results were found by Hindak (1970) in thè Czechoslovakian 
hornbeam-oak zones. Hollerbah and Shtina (1969), collating their own 
results and numerous literature data, carne to thè conclusion that in thè soils 
of thè temperate forest zones mainly green algae are found, primarily species 
of Chlamydomonas , Coccomyxa , Chlorella , Chlorhormidium , Stichococcus , Chloro¬ 
coccum and Pleurococcus. 

According to Shtina’s (1961) data, thè biomass produced by thè algae 
in thè various forest soils is much smaller (20 kg/ha) tlian in thè field soils 
(300 kg/ha). 

The percentual distribution of thè algal divisions occurring in thè examined 
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Table 3 


The experienced frequency distribution of cultured algae , 
occurring in some soil types of thè submountane beech zone of thè Màtra Mountains 


Species 

Brown 

earth 

Clay 

lessivated 
brown 
forest soil | 

Mull- 

ranker soil 

Nonpodzoliz- 
ed acidic 
brown forest 
soil 

Chlorophvta 





Chlamydomonas intermedia Chod. 

0 

3 

0 

1 

Chlamydomonas peterfii Gerì. 

0 

0 

1 

0 

Chlamydomonas sp. 

16 

1 

1 

5 

Chlorella vulgaris Beyerinck 

1 

0 

1 

0 

Chlorhormidium flaccidum (Kiitz.) Fott 

1 

1 

1 

4 

Chlorhormidium crenulatum (Kiitz.) Kom. 

1 

0 

0 

2 

Chlorhormidium nitens (Hansg.) Kom. 

0 

0 

0 

1 

Chlorhormidium sp. 

0 

0 

0 

4 

Chlorococcum humicolum (Naeg.) Rabenh. 

7 

2 

2 

5 

Coccomyxa dispar Schmidle 

1 

0 

0 

1 

Dactylococcus sp. 

1 

1 

2 

0 

Keratococcus bicaudatus Pasch. 

1 

0 

0 

1 

Oocystis asymmetrica W. West 

0 

0 

1 

0 

Pseudochlorella subsphaerica Reisigl 

1 

0 

1 

2 

Stichococcus bacillaris Naeg. 

2 

0 

0 

2 

Trochiscia reticularis (Reinisch) Hansg. 

1 

0 

0 

0 

Xanthophyta 





Botrydiopsis intercedens Pasch. 

4 

0 

0 

0 

Botrydiopsis minor (Schmidle) Chod. 

11 

3 

0 

0 

Chlorocloster terrestris Pasch. 

0 

0 

ó 

1 

Ellipsoidion oocystoides Pasch. 

1 

0 

0 

2 

Heterothrix exilis Pasch. 

0 

0 

1 

0 

Monodus subterranea B. Petersen 

11 

0 

0 

4 

Nephrodiella brevis Vischer 

2 

0 

1 

0 

Pleurochloris anomala James 

7 

0 

0 

1 

Pleurochloris meringensis Vischer 

3 

0 

1 

0 

Tribonema minus (Wille) Hazen 

0 

0 

0 

1 

Vischeria stellata (Chod.) Pasch. 

12 

6 

4 

1 

Bacillariophyta 





Hantzschia amphyoxis (Ehr.) Grun. 

0 

2 

4 

1 

Navicula borrichii B. Petersen 

0 

0 

1 

0 

Naticuta taucheri B. Petersen 

0 

0 

5 

0 

Naticuta mutica Kiitz. 

2 

0 

0 

1 

Pinnularia borealis Ehr. 

0 

1 

0 

1 

Pinnularia intermedia Lagerst. 

0 

1 

1 

0 

Pinnularia obscura Krasske 

0 

1 

1 

0 

Pinnularia sp. 

0 

1 

1 

0 

1 

Total 

20 

12 

18 

20 


soil types is shown in a circle diagram. For comparative purposes, I also present 
Kiss’ algafloristical data, obtained in 1972, from thè natron soil of thè 
loess region in Békés—Csanàd (Oroshàza), as well as my own, originating 
from 1969, from a calciphilous oak forest on brown forest soil (Fig. 2). 
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The quantitative examination of algal species occurring 
in thè different soil types 

During thè comparison of thè algal floras of thè different soil types 
I attempted to resolve whether thè combined occurrence of certain soil types 
and algal species is coincidental or thè individuai algal species significantly 
associate with thè given soil types. 

The frequency distribution of algal species per soil type is shown in 
Table 3. The results of significance calculations are given in Table 4. 


Table 4 


The results of significance calculations on thè experienced frequency distribution 
of algal species cultured from different soil types 


Compared soil types 

X 2 

DF 

SD P% values 

Mull-ranker brown earth 

73.6 

28 

0.1 

Brown earth — brown forest nonpodzolized acidic 




soil 

57.0 

26 

0.1 

Brown forest nonpodzolized acidic soil — mull- 




ranker 

52.9 

31 

1.0 

Clay lessivated brown forest soil — brown forest 




nonpodzolized acidic soil 

35.8 

24 

5.0 

Clay lessivated Jjrown forest soil — mull-ranker 

26.8 

20 

10.0 

Clay lessivated brown forest soil — brown earth 

37.4 

25 

10.0 


If, according to international practice, we accept thè limit value of thè 
significant difference as SD P% 5, then thè algal communities of two soil 
types are different from each other if thè obtained value is smaller tlian or 
just reaches P% 5. 

In evaluating thè tabulated data we may establish that, apart from two 
cases, there is a significant difference between thè algal communities of thè 
different soil types. 

The mull-ranker soil, thè brown forest nonpodzolized acidic soil and thè 
brown earth strongly differ from one another on thè basis of laboratory 
examinations (cf. KovÀcs l.c.). In thè algal flora of thè two pairs of soil types: 
mull-ranker—brown forest soil and thè brown forest nonpodzolized acidic 
soil brown forest soil, significant difference of 0.1% was found, assumably 
connected with various soil characteristics. 

Of course, thè identical level of significant differences does not preclude 
that thè components of an algal community be different, excepting Vischeria 
stellata (Chod.) Pascti, which occurred in great frequency in all three soil types. 

Both thè mull-ranker and thè clay lessivated brown forest soil differ 
similarly of thè previous ones in several soil factors fundamentally from 
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thè brown firest nonpodzolized acidic soil. The algal flora of these soils shows 
significant difference as far as thè frequency distribution of thè individuai 
species is concerned. The differences may be explained by thè differences in 
thè frequency distribution, e.g. Chlorococcum humicolum (Naeg.) Rabenh., 
Chlorhormidium flaccidum (Kiitz.) Fott, Vischeria stellata (Chod.) Pascli., 
Hantzschia amphyoxis (Ehr.) Grun. On thè other hand, there are species wliicli 
occur only in one type, or in thè other two types of soil, e.g. Chlorhormidium 
crenulatum (Kiitz.) Kom., Chlorhormidium nitens (Hansg.) Kom., Chlorhormi¬ 
dium sp., Keratococcus bicaudatus Pascli., Sticlwcoccus bacillaris Naeg., Chloro- 
closter terrestris Pascli., Ellipsoidion oocystoides Pascli Monodus subterranea 
B. Petersen in thè acidic forest soil, while Dactylococcus sp., Pinnularia inter¬ 
media Lagerst., Pinnularia obscura Krasske and Pinnularia sp. occur only 
in thè other two types of soil (cf. Table 3). 

Parallel with thè increase of hydrogen ion concentration of thè soil, 
thè role of thè subterranean fungi rapidly increases, while thè bacteria and 
other microorganisms retreat tlie background (Bohus and Babos, 1973). 
Similarly, thè terricolous actinomyces reach their highest productivity in 
acidic soil (McLennan et al., 1954; Brown, 1958). In thè brown forest non¬ 
podzolized acidic soil thè algal flora is mudi richer compared to thè other 
soil types, and especially thè Chlorhormidium species predominate. 

The mull-ranker soil and thè clay lessivated brown forest soil differ from 
each other in numerous ecological factors (humus and moisture content, 
temperature, soil acidity, soil cover, biological activity, etc.) (cf. Kovacs l.c.). 
The two examined areas are adjacent (thè northern and southern slopes of 
Bagolyko), thè two soil types meet each other. Rain water runs down from 
thè mull-ranker soil rich in diatoms, and thè flowing water carries numerous 
algal cells with it which settle at thè lower points for a shorter or longer period 
of time. When comparing thè algal floras of thè two soil types, no significant 
difference could be found, owing to thè mixing of thè floras. Consequently, 
when comparing two soil types from an algological point of view, one sliould 
avoid thè investigation of sample plots meeting in space. 

I did not expect any essential difference between thè brown earth and 
tlie clay lessivated brown forest soil as far as thè algal flora was concerned 
(see Table 3). The two types of soil are dose to each other in several charac- 
teristics (cf. Kovacs l.c.). Even thè vascular vegetation of thè two sampling 
plots, lying several kilometres from each other, is very similar (Melitti-Fagetum 
association caricetosum pilosae facies). A pronounced difference occurs only 
in water supply, reflected in thè richer algal flora of thè brown earth. Both 
in thè number of thè soil samples and in thè most frequently occurring species, 
thè two soil types are identical: Chamydomonas sp., Chlorococcum humicolum 
(Naeg.) Rabenh., Botrydiopsis minor (Schmidle) Chod., Vischeria stellata 
(Chod.) Pascli. 
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The following inference can he drawn from these investigations: thè algal 
communities of different soil types with diverging ecological characteristics 
differ from one another to a degree ascertainable for thè difference between 
thè ecological characteristics of thè individuai soil types. 


The analysis of thè examined soil types 
with respect to thè occurrence of algal species 

If thè algal communities of thè various soil types are examined with 
respect to thè species concerned (see Table 3), in thè species may be relegated 
into three large groups. 

The first group includes species occurring in every examined soil type 
(11.4% of thè total number). To this category belong Chlorococcum humicolum 
(Naeg.) Rabenh., Chlorhormidium flaccidum (Kiitz.) Fott, Vischeria stellata 
(Cliod.) Pascli, and Hantzschia amphyoxis (Ehr.) Grun. Among them, Vischeria 
stellata (Chod.) Pascli, and Chlorococcum humicolum (Naeg.) Rabenh. commonly 
inhabit nonaquatic biotopes. They not only appear on and in thè soil, but are 
frequently found on thè trunks of trees, on litter, on stones, on fallen pieces 
of branches and even on boardings as well. On thè other hand, Chlorhormidium 
flaccidum (Kiitz.) Fott and Hantzschia amphyoxis (Ehr.) Grun. may he en- 
countered hoth in aquatic and in nonaquatic communities. 

The frequency of algal species per soil type is not thè same. According 
to my investigations, thè most frequently occurring algal species per soil type 
were as follow: Chlorococcum humicolum (Naeg.) Rabenh. in brown forest 
soil, Chlorhormidium flaccidum (Kiitz.) Fott in acidic soil, Vischeria stellata 
(Chod.) Pascli, in brown forest soil and in clay lessivated brown forest soil, 
Hantzschia amphyoxis (Ehr.) Grun. in mull-ranker soil. Species assigned to 
this group occurrcd in more than half of all examined soil samples. Accordingly 
these species should not be regarded as specific for thè soil types concerned. 

Species occurring in two or at most in three soil types, comprise thè 
second group. They are characteristic terricolous organisms in thè Mts Màtra. 
In investigating their frequency per soil type, it may be stated tliat in some 
of thè soil types they occur frequently (present in about half of thè samples) 
while in others they occur only sporadically (only in one sample). Thus, e.g. 
Botrydiopsis minor (Schmidle) Chod., Monodus subterranea B. Petersen, 
Pleurochloris anomala James and Pleurochloris meringensis Vischer occur in 
brown earth, thè various species of diatoms in mull-ranker soil: in contrast to 
these, Chlorhormidium species, Stichococcus bacillaris Naeg. and Monodus sub¬ 
terranea B. Petersen occur in acidic soil, whereas Chlamydomonas intermedia 
Chod. and Botrydiopsis minor (Schmidle) Chod. are frequent in clay lessivated 
brown forest soil. 

The fact tliat these species are frequent in one type of soil and occur 
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sporadically in thè other suggests that species characteristic of thè soil types 
should he sought among them (see Tables 3 and 4). About 60% of thè species 
found in thè examined soil types helong into this group. 

The third group includes species occurring only in one type of soil. Their 
frequency is generally low, appearing in one sample only (28.5% of thè total 
number of species). Little is known concerning thè occurrence of Trochiscia 
reticularis (Reinisch) Hansg., Oocystis asymmetrica W. West and of Chlorhormi- 
dium nitens (Hansg.) Kom. in thè soil. On thè other hand, Heterothrix exilis 
Pascli, is a frequent soil alga, but thè other members of thè genus live exclusive- 
ly in aquatic biotopes. Many Navicula species are terricolous, but Navicula 
borrichii B. Petersen and Navicula Vaucheri B. Petersen do not belong to thè 
frequently occurring species. It is quite likely that tliese species, thougli rarely 
and for only a short period of time, are abundant, but on thè basis of thè 
examined soil samples they are not suitable for thè characterization of soil 
types. 


Summary 

In cognizance of thè soil ecological characteristics concerning thè exain- 
ined soil types (cf. Kovacs 1975 and Table 2) thè following conclusions can be 
drawn as far as thè results of thè soil algological investigations are concerned. 

a) The brown forest nonpodzolized acidic soil, with its slow nutrient 
cycle and low biological activity, is richer in species than thè mull-ranker soil 
with its good nutrient cycle and high biological activity. 55% of thè species 
in thè acidic soil, and 70% of them in thè mull-ranker soil were occurring 
sporadically, i.e. these species occurred only in one soil sample. In thè acidic 
soil, 20% of thè total number of species, in thè mull-ranker soil 16%, were 
found which occurred in more than half of thè total number of samples. 
These data imply that thè algal communities reach similarly to thè terricolous 
actinomyces and fungi, their highest species and individuai numbers in thè 
acidic soil types. 

b) Soil-ecologically different but spatially adjacent soil types bave 
similar terricolous algal communities. 

c) Floristically and soil-ecologically similar but spatially separated soil 
types (sampling plots lying several kilometres from one another) bave again 
similar algal communities. 

d) In thè course of thè algological analysis of different soil types I found 
that thè majority of species comprising thè terricolous algal communities are 
characteristic epi- and subterranean algae, and that their frequency per soil 
type is not thè same. 

e) The majority of algal species originating from soil samples collected 
in thè Màtra Mountains belongs to genera of thè divisions Chlorophyta and 
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Xanthophyta. This finding corresponds with earlier observations according 
to which thè aigai flora of forest ecosystems is generally of thè Chlorophyta - 
type, while thè algal floras of rocky and field ecosystems are of thè Cyano- 
phyta- type. 
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Comprehensive spore morphological investigations of European Encalypta species 
have been carried out with thè aid of light and scanning electron microscopy. The dis- 
tinct morphological differences of spores within thè genus may allow thè supposition 
that thè recent classification of thè Encalypta genus or even thè Encalyptaceae family 
contains some taxonomical and phylogenetical uncertainties. Detailed palynological 
description of thè spores of nine Encalypta species is given with a view to solve these 
taxonomical questions. The taxonomy of Encalyptaceae is yet incompletely understood 
and further palynological research covering thè entire family is needed. 


Introduction 

It has been well known for a long time that thè spores of different 
Encalypta species have very distinct differences both in size and in charac- 
teristics visible even under thè light microscope (LM). 

Studying thè morphology of recent moss spores (Boros — JÀrai-Kom- 
lodi, 1975) a well-marked contrast is to be found between thè two examined 
Encalypta species ( E . ciliata , E. streptocarpa). These species highly differ from 
each other in size, in structure and also in ornamentation. These morpho¬ 
logical dissimilarities have drawn our attention to this genus. 

In order to contribute to some extent to thè elucidation of some taxo¬ 
nomical and palynological questions in this group, thè authors have decided to 
carry out a comparative spore morphological examinations of recent European 
Encalypta spores. 

Not adequately illustrated comparative spore morphological works of 
this genus though some descriptions and illustrations have been published 
so far by various authors (Erdtman, 1957; 1965; Savicz-jubitzkaja Smir- 
nova, 1970; Dickson 1973; Boros—Jarai-Komlódi, 1975). 

The present study does not have only taxonomical but palaeobotanical 
significance, too. Namely, thè examined species are mainly distributed recently 
in arctic-alpine and circumboreal regions and it can be supposed that these 
species were wide-spread during thè ages when a colder climate prevailed, 
thus, fossil spores of Encalypta are expected to come forward from thè Pleisto¬ 
cene and even from older strata. 
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Some records of fossil spores are already known, e.g. those of Encalypta 
rhabdocarpa from thè Late Pleistocene of Alaska (Dickson, 1973), E. cf. vul - 
garis from thè Late Pleistocene of Siberia (Abramova et al., 1965), and En- 
calyptosporites pliocenicus from thè Neogene of Hungary (Nagy, 1968). Pre- 
sumably thè oldest finding of fossil spores of Encalypta was found in thè 
Devonian of Canada if thè spores described as Emphanisporiteì in fact belong 
to thè Encalypta genus (Erdtman, 1969). 

In addition to thè fossil spores, well-preserved macrofossils of Encalypta 
have been encountered in Pleistocene strata, for example, macrofossils of 
E . alpina in Denmark (Hesselbo, 1910), E . vulgaris in interglacial strata, 
of Weimar (Gams 1932), E. rhabdocarpa in several localities of England (War- 
ren, 1912; Jessen, 1949), and in Poland (Szafran, 1952), and some unrecogniz- 
able species of Encalypta in England (Dickson, 1964). 

All these findings allowto suppose that thè fossil spores of other Encalyp¬ 
ta species, are also to be expected from thè Pleistocene and even from thè 
older geological strata. For this reason it may also prove useful to study tliis 
genus from thè palaeobotanical point of view. 

The palynological part of this paper is thè work of M. JÀrai-KomlÓdi, 
while thè hryological part was compiled by S. OrbÀn. The photomicrographs 
have been taken l>y M. JÀrai-KomlÓdi. 


Material and methods 

Spore material was obtained from thè Herbarium of thè Hungarian Naturai History 
Museum and thè Herbarium of A. Boros, deposited at thè sanie place. 

For thè liglit inicroscopy (LIVI) thè spore samples were acetolyzed (Erdtman, 1952) 
and mounted in glycerin jolly. A Cari Zeiss NU Photomicroscope was used with planachromate 
X 100 (N.A. 1.30) objective. Twenty measurements of spore size were made on each sample. 

For thè scanning electron-microscopie study, thè material was also acetolyzed, then 
coated with evaporated gold. The scanning electron micrographs (SEMG) were taken with 
thè ISM-50 scanning electron microscope (SEM) at thè Eotvòs Lorànd University, Budapest. 
We wish to thank Vera Takàcs for skilful technical assistance in taking SEMGs. 

The terminology follows that of Erdtman (1970). 


Results and discussion 

1. Taxonomy , distribution and ecology of thè genus Encalypta 

The genus Encalypta belongs to thè order of Pottiales , suborder of 
Encalyptinales and to thè family of Encalyptaceae (with two genera: Encalypta 
and Bryobrittonia). The latter is related to Encalypta by its sporophytic 
characters but well separable from it by thè gametophytic characters. Steere 
(1953) stated that thè genus Bryobrittonia has helonged to Encalyptaceae. 
Mostly on thè basis of sporophytic characters Encalypta can be divided 
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into sections. Concerning thè different divisions only thè most important ones 
are referred here. Nees et al. (1827) described sections I. Aperistomae 
and II. Peristomae , based obviously on thè ahsence or presence of peri- 
stomium. C. Mi ller (1848 — 49) and Lindberg (1879) separated thè sections 
of Rhabdotheca and Psilotheca on thè basis of thè character of spore capsule. 

Kindberg (1897) established five sections considering both thè former 
divisions and many other characters of sporophyte: I. Streptotheca , II. Diplo- 
lepis , III. Rhabdotheca , IV. Pyromitrium , V. Xanthopus. This has essentially 
been used until today but thè order of thè sections has been changed by thè 
different authors. 

For example thè Kindberg’s division was modified by Brotherus 
(1924) as follows: I. Pyromitrium , II. Xanthopus , III. Rhabdotheca , IV. Diplo- 
lepis , V. Streptotheca. Podpera (1954) again modified thè division of Encalypta : 
I. Pyromitrium , II. Rhabdotheca , III. Xanthopus , IV. Diplolepis , V. Strepto¬ 
theca. 

Tliese different divisions may bave supposedly been established on thè 
basis of certain pliylogenetic reasons connected with thè structure of thè peri- 
stomi um. In section Pyromitrium there is no peristomium and thè sanie applies 
to some species of section Rhabdotheca , while thè other species of this section 
have a single-row peristomium. Both in section Diplolepis and Streptotheca 
thè species have double-row peristomium. 

In this paper none of these divisions was used. We grouped thè species 
according to certain principles of spore morphology. Attention is drawn to 
thè morphological similarities and differences among thè examined species. 
But it is hardly possible to make any further divisions since only thè European 
species of genus have been investigated. So, we have to wait with our taxo- 
nomical suggestion until thè spore morphological study of thè whole family 
will have been carried out. In this case thè relationship of thè genera Encalypta 
and Bryobrittonia or those of thè different species will he solved ratlier on thè 
basis of phylogenetic reasons tlian in thè different classifications used so far. 

The chromosome numbers of six out of nine investigated species are 
known: Encalypta alpina 14, E. rhabdocarpa 26, E. procera 27 (Steere, 1954); 
E. vulgaris 26 (Visotskaya, 1967; Smith Newton, 1968); E. ciliata 13 (Ander¬ 
son Crum, 1958; Smith -Newton, 1968); E. affinis 13 (Anderson Crum, 
1958). 

The Encalypta species living also in Europe are mainly distributed in thè 
northern hemisphere of thè whole world. The species have circumboreal or 
boreal-arctic range, inhabit alpine, subalpine and montane regions. Some of 
them have disjoint area in Australia and South Africa. 

The Encalypta species mainly live on limestone and other kinds of rocks 
containing lime (andesite, basalt, gabbro, mari, dolomite) rarely on lime- 
deficient rocks (granite, gneiss), also on humous debris in clefts of rocks and 
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on calcareous soils and sediments (loess, loam, sand). They are known as 
xerophyte, meso-xerophyte and mesophyte, heliophilous, helio-sciophilous 
and rarely as sciophilous species. 


2. Description of species investigateti 

Encalypta ciliata (Hedw.) Hoffm. (Figs 1—9) 

Synonym: E. laciniata Lindb. 

Area: Circumboreal, disjoint in Australia and South Africa. Mainly in mountainous regions. 

Ecology: Mesophyte, helio-sciophilous, saxi-terricolous, slightly acidophilous. Mostly on soils 

and rocks rich in lime, sometimes on lime-deficient habitats, too. 

Spore formation: Sporogonia are regularly developed. Fossil spores are rarely to be expected. 

Cytotaxonomy: Diploid, n = 13. 

Spore morphology: 

Size: Mean value 37 jUm, size range 40 34 ^m. 

Shape and structure: Spores spheroidal. Trilete. Laesura arms often 
indistinct, narrow, not-thickened, one arm about 6 pm long. 
Exine about 2 pm thick, containing a very distinct “sexinous” 
and a “nexinous” part. 

Ornamentation: There are great differences in ornamentation between 
thè two faces of thè spore. The outer part of exine exhibits a very 
characteristic appearance forming in thè distai face a large (10 
12 pm in diameter) centrai “brochus” with 5 — 6 radiai murus-like 
arms running to thè amb. On SEMGs of spores it is well visible 
(already at X 6000 magnification) that thè bottoni of “brochus” 
is finely pitted. Arms form 5 7 marginai meshes. The breadth of 

muri about 5 — 7 pm, thè height about 4 pm. In thè proximal face 
muri grow thinner into wrinkles running to thè centrai part and 
are amalgamated into a large centrai shield in thè middle of which 
thè trilete mark can be seen. Near thè amb a System of about 
10 14 murus-like arms and of several marginai meshes develop. 

In both faces of thè spore sexine consists of irregularly angular, 
united verruca-like elements. 

Locality: The Biikk Mts, near Szarvaskó (Hungary); À. Boros, 1960/ 
102352. 


Encalypta rhabdocarpa Schwaegr. (Figs 10—23) 


Synonym: Leersia rhabdocarpa Lindb. 

Area: Circumboreal, arctic-alpine. Mostly in alpine region, sometimes in lower zones, too. 
Ecology: Xerophyte, heliophilous, saxicolous, calciphile. On humus in clefts of limestone and 
calcareous rocks (rich in ìirne). 

Spore formation: Sporogonia are regularly developed. Fossil spores are hardly to be expected. 
Cytotaxonomy: Diploid, n = 26. 
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Figs 1 —9. Encalypta ciliata (Hedw.) Hoffm. 1—2. Proximal face, LMG (xlOOO). 3—4. Distai 
face LMG (XlOOO). 5. Group (proximal and distai face), LMG ( X 250). 6. Proximal face, 
SEMG ( X 2000). 7. Proximal face, centrai part, SEMG ( X 6000). 8. Distai face, SEMG ( X 2000). 
9. Distai face, centrai brochus, SEMG ( X 6000) 
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Figs 8-9 


Acta Botanica Academìae Scientiarum Hungaricae 21, 1975 



312 


JÀRAI-KOMLÓDI, m. orbàn, s. 



Figs 10 — 23. Encalypta rhabdocarpa Schwaegr. 10—11. Proximal face, LMG (xlOOO). 
12- 14. Distai face, LMG (xlOOO). 15. Group (proximal and distai face), LMG ( X 250). 
16. Proximal face, SEMG ( X 2000). 17. Proximal face, centrai sphercids, SEMG (x 10 000). 
18. Proximal face, centrai spheroids, a part of aperture, SEMG ( X 6000). 19. Proximal face, 
centrai spheroids and nanogranules, SEMG (X 10 000). 20. Proximal face, a wrinkle joining 
with thè centrai spheroids, SEMG ( X 6000). 21. Proximal face, centrai part of wrinkles, 
SEMG ( X 10 000). 22. Distai face, SEMG (X2000). 23. Details of ornamentation in distai 

face, SEMG (X 10 000) 
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Figs 16-17 
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Figs 18-19 
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Figs 20-21 
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Figs 22 - 23 
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Spore morphology: 

Size: Mean value 48 /im, size range 50 46 /im. 

Shape and structure: Spore spheroidal but on thè proximal face flat- 
tened. Cryptotrilete. Sclerine of thè distai face is about 5 7 firn 

that of thè proximal face is about 2 3 //m thick, processes in- 

cluded. 

Ornamentatimi: There are distinct differences in ornamentation between 
thè two faces of thè spores. The distai face is regularly and densely 
covered with ratlier uniform hemispherical bubble-like elements 
severed by smooth interstices. These verrucae are largest (dia- 
meter about 7 firn) in thè centre of thè distai face and become 
smaller (4 /im) on approaching thè edge of thè distai face of spores. 
In SEM, in thè centre of thè proximal face densely spaced regularly 
shaped gemma-like spheroids are visible which are usually less 
tlian 1 firn in diameter. They cover a circular area (diameter about 
4 — 5 fi m) which is thè supposed place of aperture where a trilete- 
mark can occasionally be seen. In thè LM it usually looks like onlv 
a finely dotted circle. From this centrai place 5 7 indistinct 

(1 3 firn broad and high), irregularly situated wrinkle-like arms 

run to thè edge of thè proximal face, radially (some of them 
parallel) and coalesce with thè terminal verrucae of thè distai face. 

Locality: Sor-Tròndelag, Kongsvoll, near river Driva (Norway); P. 
Olsson, 1883/191599. 

Encalypta brevicolla Bruch (Figs 24—41) 

Synonyms: E. longicolla var. brevicolla B. S. G., Leersia brevicolla Lindb. 

Area: Circumboreal, boreal-arctic, in subalpine region. 

Ecology: Xerophyte, heliophilous, saxieolous, indifferent. On classic soils in clefts and on 

walls of rocks (rich or poor in lime). 

Spore formation: Sporogonia are regularly developed. Fossil spores are not to be expected. 

Cytotaxonomy : ? 

Spore morphology: 

Size: Mean value 42 /im, size range 48 36 /im. 

Shape and structure: Spores slightly triangular, somewhat flattened on 
thè proximal face. Cryptotrilete. Exine is about 1 —1.5 fi m in 
thickness and with elements is about 6 firn thick in thè distai and 
2 firn in thè proximal face. 

Ornamentation: There are distinct differences in ornamentation between 
thè two faces of thè spores. The distai face regularly and densely 
covered with elongate, not confluent occasionally tooth-like ver¬ 
rucae, which are about 4 fi m in diameter and about 4 — 6 firn in 
length. The proximal face of spores hardly ornamented. The about 
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Figs 24 — 41. Encalypta brevicolla Bruch. 24 27. Proximal face, LMG (xlOOO). 28 — 29. Dis¬ 

tai face, LMG ( X 1000). 30—31. Lateral view, LMG ( X 1250;. 32—33. Distai face, LMG ( X 250). 
34. Proximal face, SEMG ( X 2000). 35. Wrinkle joining with thè terminal verrucae of thè 
distai face, SEMG ( X 6000). 36. The centrai part of proximal face, SEMG (X 10 000). 37. 
Proximal face, SEMG ( X 2000). 38. Central part of proximal face, SEMG ( X 3500). 39. Distai 
face, SEMG (X2000). 40. Distai face, SEMG ( X 2000). 41. Details of thè distai face with 
tooth-like verrucae, SEMG ( X 6000) 
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Figs 30- 34 


7* 


Acta Botanica Academiae Scientiarum Hungaricae 21^1975 
























320 


JÀRAI-KOMLÓDI, M.—ORBAN, S. 




Figs 35 — 36 
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Figs 37-39 
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2 firn broad and high verrucae usually form a group only in thè 
centre of proximal face. Elements here are crowded and somewhat 
confJuent. Sometimes they are situated along a trilete mark, but 
more often they cover it. 

Locality: Pohjois-Pohjanmaa, near Muhos. Leppiniemi (Finland); T. 
Ulvinen, 1966 /102284. 


Encalypta vulgaris Hedw. (Figs 42—55) 

Synonym: E. extinctoria Lindi». 

Area: Circuniboreal, disjoint in Australia. Mostly on plains and mountains of medium height, 
rarely in alpine regione, too. 

Ecology: Xerophyte, heliophilous. terri-saxicolous, calciphile. Mostly on limestone and cal- 
careous soils. but also on debris of other kinds of rocks (dolomite, basalt. andesite), 
and on sediments (loess, loain. sand) containing lime. 

Spore formation: Sporogonia are regularly developed. Fossil spores may hardly be expected. 

Cytotaxonomy: Diploid, n = 26. 

Spore morphology: 

Size: Mean value 36 //m, size range 40 -32 pm, 

Shape and structure: Spores spheroidal, flattened on thè proximal face. 
Cryptotrilete. Exine is about 1 1.5 pm thick and with elements 

about 7 pm thick in thè distai and 2 3 p m in thè proximal face. 

Ornamentation: There are distinct differences in ornamentation between 
thè two faces of thè spores. The distai face is regularly and densely 
covered with rathcr uniform, elongate verrucae. Tlieir diameter is 
about 4 (jm, length 5 — 6 firn. Verrucae become gradually smaller 
proceeding from thè centre of thè distai face toward thè proximal 
face. Under X 10.000 magnification, in SEM thè surface of tliese 
verrucae is not smooth. They are densely granulated wdth nano- 
granules. 

The centre of thè proximal face is covered by small (1 —1.5 pm 
in diameter) spheroids separated from each other. Tliese cover thè 
place of aperture. Around them some lugger (4 5 //m) verrucae 

similar to those of distai face are usually scattered. From tliis 
centrai place, 15 20, hardly 2 ^um wide and high wrinkles are 

running to thè edge of thè spore and joining there thè marginai 
verrucae of thè distai face. 

Locality: The North Borsod Karst, near Aggtelek, on thè Mt. Baradla- 
teto (Hungary); À. Boros, 1928 /101780. 


Encalypta affinis (Hedw .) fil. Web. et Mohr (Figs 56—67) 


Synonyms: E. apophysata Nees et Hornsch., Leersia affinis Lindb. 
Area: Circumboreal, alpine. 
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Figs 42 —55. Encalypta vulgaris Hedw. 42 — 46. Proximal face, LMG (xlOOO). 47—49. Distai 
face, LMG (xlOOO). 50. Group (proximal and distai face), LMG ( X 250). 51 — 52. Proximal 
face with small spheroids and large verrucae in thè centrai part, SEMG ( X 2000). 53. Central 
part of proximal face, SEMG ( X 6000). 54. Distai face, SEMG ( X 2000). 55. Details of distai 
face with elongate verrucae covered by nanogranules, SEMG ( X 6000) 
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Figs 51-53 
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Figs 54—55 
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Figs 56 — 67. Encalypta affinis (Hedw.) fil. Web. et Mohr. 56. Proximal face, LMG (x 1000). 
57—58. Spore tetrads showing thè proximal faces of spores, LMG (xlOOO). 59—61. Distai 
face, LMG (X 1000). 62. Group (proximal face and lateral view), LMG (x250). 63—64. Proxi¬ 
mal face, with irregularly arranged groups of confluent verrucae, SEMG ( X 2000). 65. Details 
of proximal face, SEMG ( X 6000). 66. Distai face, SEMG ( X 2000). 67. Details of distai face, 

SEMG ( x 6000) 
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Figs 63 — 65 
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Figs 66 67 
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Ecology: Mesophyte, helio-sciophilous, saxicolous, indifferent. On humous rocks and in clefts 

of rocks (rich or poor in lime). 

Spore formation: Sporogonia are regularly developed. Fossil spores are hardly to be expected. 

Cytotaxonomy : Diploid, n = 13. 

Spore morpliology: 

Size: Mean value 38 //m, size range 40 — 32 ^m. 

Shape and structure: Spores subtriangular, more or less flattened on 
thè proximal face. Cryptotrilete. Exine in thè distai face is about 
5 [j m in thickness and about 2 tliick in thè proximal face witli 
processes. 

Ornamentation: There are differences in ornamentation between thè two 
faces of thè spores. Exine of thè distai face consists of verrucae, 
more or less angular in their cross section and irregular in shape, 
size (1- 4 fini in diameter) and arrangement. The surface of ver¬ 
rucae usually smooth. The proximal face of spores are hardly and 
very unevenly ornamented. The surface of tliis face is smooth, and 
verrucae form only a few irregularly arranged groups. Elements 
bere are usually confluent and more irregular both in shape and 
size than in thè distai face. In thè centre of thè proximal face 
from time to time a trilete mark is visible. 

Locality: Lule Lappmark, Kvikkjokk (Sweden); Hj. Moller, 1923/ 

102292 . 

Encalypta longicolla Bruch (Figs 68—91) 

Area: Circumboreal, arctic-alpine. Mostly in alpine zone, but in arctic region in lower zones, too. 

Ecology: Xero-mesophyte, heliophilous, saxicolous, calciphile. On limestone covered with 

humous soils. 

Spore formation: Sporogonia are regularly developed. Fossil spores are hardly to be expected. 

Cytotaxonomy: ? 

Spore morphology: 

Size: Mean value 80 jum, size range 88— 64 firn. 

Shape and structure: Spores spheroidal, cryptotrilete. Exine in thè distai 
face is about 4 thick and in thè proximal face about 2 — 3 ^m, 
processes included. 

Ornamentation: There are noticeable differences in ornamentation be¬ 
tween thè two faces of spores. Exine in tlie distai face consists of 
big fiat and entirely confluent verrucae which exhibit an irregularly 
cracked surface with angular meshes in different optical cross 
sections. 

In thè centre of thè proximal face thè ornamentation consists of 
verrucae similar to those of thè distai face but these are larger 
and less confluent. These elements become more and more flat- 
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Figs 68 — 91. Encalypta longicolla Bruch. 68—71. Series of optical cross sections, LMG 
(X250). 72—73. Proximal face, LMG (xlOOO). 74—77. Proximal face (optical cross sections), 
LMG (xlOOO). 78—80. Proximal face, LMG (xlOOO). 81. Distai face, LMG (xlOOO). 82—84. 
Distai face. Irregularly cracked pattern of certain optical sections, LMG ( XlOOO). 85. Distai 
and proximal face, SEMG ( X 400). 86. Proximal face, SEMG ( XlOOO). 87. Central part of 
proximal face with aperture, SEMG ( X 3000). 88. Central verrucae in proximal face, SEMG 
( X 6000). 89. Marginai part of proximal face with flattened, confluent elements, SEMG 
( X 3000;. 90. Details of distai face with large, fiat, entirely confluent verrucae, SEMG ( X 6000). 

91. Distai face, SEMG ( XlOOO) 
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Figs 74-77 
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Figs 78 81 
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Figs 82—85 
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Figs 86 — 88 
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FigS 89 — 91 
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tened approaching thè edge of proximal face and finally exhibit 
a coalescent, irregularly cracked surface. Among thè centrai ver- 
rucae, sometimes an irregularly shaped opening of aperture can 
be seen. 

Locality: The Bavarian foreland of Alps, on thè Mt. Kirchstein (Ger- 
many); Th. Herzog, 1920 1102286. 


Encalypta alpina Smith (Figs 92—103) 

Synonyms: E . commutata Nees et Hornsch., E. caucasico Rupr., Leersia alpina Lindb. 

Area: Circumboreal. In Europe and in North America in alpine zone, but in thè arctic region 
in lower zones, too. 

Ecology: Mesophyte, saxi-humicolous, heliophilous, calciphile. On humus, in thè clefts of 
calcareous rocks, on limy stones in bogs, in arctic mires. 

Spore formation: Sporogonia are regularly developed, fossil spores may be expected in peaty 
deposits of bogs. 

Cytotaxonomy: Diploid, n = 14. 

Spore morphology: 

Size: Mean value 32 pm, size range 28 — 36 pm. 

Sliape and structure: Spores spheroidal-subtriangular. Katalept. Exine 
is about 2 fi m thick. 

Ornamentation: The two faces of thè spores are somewhat different from 
each other but owing to thè delicate ornamentation and concealed 
aperture this difference is indistinct in LM. Exine consists of 
small (about 1 firn in diameter) angular granules composed of 
nanogranules and varying both in size and shape. In thè distai 
face elements evenly and densely spaced, several of them occasion- 
ally tightly attached to each other. In thè proximal face elements 
are similar both in size and shape — to those of thè distai face, 
but irregularly and gradually less spaced. In thè centre of thè pro¬ 
ximal face elements are densely spaced, but in thè distai face 
they are isolated from each other. Among them an irregularly 
shaped opening can occasionally be seen. A few (3 5) short, very 

indistinct wrinkle-like arms are radially running from thè centre 
to thè edge of proximal face. 

Locality: The Tatra Mts., on thè Mt. Zadnie Jatky (Czechoslovakia); 
A. Boros, 1958/761667. 


Encalypta procera Lindb. (Figs 104—111) 

Area: Circumboreal, boreal-arctic. 

Ecology: Mesophyte, heliophilous, terri-saxicolous, calciphile. On limestone and calciferous 
rocks, on wet, humous habitats, too. On thè rocks in alpine meadows and mountain 
tundras. 

Spore formation: Sporogonia are developed. Fossil spores may be expected in sediments of 
alpine meadows and wet tundras. 

Cytotaxonomy: Diploid, n = 27. 
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Figs 92—103. Encalypta alpina Smith. 92—94. Proximal face, LMG ( X 1000). 95—97. Dista 
face, LMG (xlOOO). 98. Group, LMG (x250). 99. Proximal face, SEMG ( X 2000). 100. Ver- 
rucae of proximal face, SEMG (X 10 000). lOl.Verrucae of centrai part in proximal face, 
SEMG ( X 6000). 102. Distai face, SEMG (X2000). 103. Granules formed by clusters of nano- 
granules in distai face, SEMG ( X 6000) 
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Figs 99 —101 
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Figs 102-103 
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Figs 104 — 111. Encalypta procera Bruch. 104—108. Different optical cross sections. Overlaid 
gemmae can be seen, LMG (xlOOO). 109. Cf. proximal face, SEMG ( X 3000). 110—111. De- 
tails, showing thè separate granules composed of nanogranules, SEMG (XÓOOO: X 10 000) 
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Spore morphology: 

Size: Mean value 20 /mi, size range 24 18 ^m. 

Shape and structure: Spores spheroidal, after acetolyzes often wrinkled, 
collapsed. Katalept. In thè centre of cf. proximal face a thinner- 
walled “leptoma” like area suggests thè place of an aperture. 
Probably owing to thè somewhat thick exine (about 0.6 0.8 /mi) — 

thicker than that of E. streptocarpa it is rarely opened. 

Ornamentation: Sexine shows a delicate, regularly arranged, densely 
granulated pattern, similar in both faces of thè spore. Elements 
are small, irregularly shaped, separate granules, composed of nano- 
granules. These processes are occasionally overlaid witli scattered, 
about twice or three times larger (0.6 1.0 /im) spheroidal gemmae 

which are loosely attached to thè surface. 

Locality: Near Svatsum (Norway); E. Ryan, 1892/32852. 

Encalypta streptocarpa Hedw. (Figs 112—121) 

Synonyms: E. contorta Lindb., Leersia contorta Lindb. 

Area: Circumboreal. 

Ecology: Xerophyte, heliophilous, terri-saxicolous, calciphile. On limestone and on calcifer- 

ous rocks and soils, on open and half-shaded habitats. 

Spore formation: Sporogonia are developed. Fossil spores are not to be expected. 
Cytotaxonomy: ? 

Spore morphology: 

Size: Mean value 12 ^m, size range 13 -7 p m. 

Shape and structure: Spores spheroidal slightly plane-convex. Due to 
thè tliin exine (about 0.5 /mi thick), after preparation often rum- 
pled, collapsed. Katalept. In thè centre of piane face there is a 
thinner-walled leptomalike area or sometimes a triangular or 
circular opening. 

Ornamentation: In LM, even at X 1000 magnification sexine shows only 
a very delicate dotted pattern due to thè minute granules, similar 
in hotli faces. Granules are somewhat angular in cross sections 
probably composed of nanogranules. In SEM it can be seen that 
some (3 5) granules occasionally coalesce into small, more or less 

regularly winding rows showing a fingerprint-like pattern. 

Locality: The Tatra Mts., near Hrabusice (Czechoslovakia); A. Boros, 
1958 [102146. 

Conclusions 

On thè basis of spore morphology thè examined spores of thè Encalypta 
genus can be divided into three types. 

The first spore type comprises thè E. ciliata , which seems to be well 
separated from every other species by thè very characteristic morphology in 
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Figs 112 — 121. Encalypta streptocarpa Hedw. 112—118. Different optical sections, LMG 
( X1000). 119. Fingerprint-like pattern, SEMG (x3000). 120. The sanie. SEMG (X6000). 

121. The same, SEMG (xlO 000) 
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both fac ol iti spores as thè centrai brochus, thè well-developed murus-like 
arms, thè marginai meshes and thè trilete mark which is most of all developed 
here. 

The second spore type comprises thè E. rhabdocarpa , E. vulgaris , E. 
brevicolla , E. affinis , E. longicolla mainly based on thè similarities in their 
ornamentation and cryptotrilete aperture. The ornamentation in thè distai 
face of all thè five species is composed of thè same elements and has similar 
features. The structure and thè ornamentation of thè proximal face exhibit 
thè same type in thè case of E. rhabdocarpa , E. brevicolla , E. vulgaris and 
E. longicolla ; namely, all of them have a centrai aperture covered with verrucae 
from where wrinkle-like arms radially run to thè edge of thè proximal face 
and coalesce with thè terminal verrucae of thè distai face. Only E. affinis 
differs from tliis group in thè ornamentation of its proximal face: it has no 
wrinkles and centrai verruc ae at all, on its smootli surface thè more or less 
confluent verrucae form only a few irregularly arranged groups. On thè 
contrary of thè similarities mentioned above thè species within this group 
can well be separated to some extent. Thus, E. rhabdocarpa has well-separated, 
regularly shaped, gemma-like, smooth spheroids in thè centre of tlie proximal 
face. In thè distai face spheroidal or hemispheroidal bubble-like, separated 
verrucae can be seen. E. brevicollis has more or less coalescent verrucae with 
smooth surface in thè centre of thè proximal face. Verrucae of its distai face 
are elongate, not confluent, occasionally tooth-like. In thè centre of thè proxi¬ 
mal face of E. vulgaris there are large, not confluent, elongate verrucae beside 
thè small spheroidal ones. Verrucae of thè distai face are elongate and separate. 
In both faces verrucae are not smooth but covered with nanogranules. E. longi¬ 
colla has more or less confluent verrucae in thè centrai part of thè proximal 
face and differs from thè other species of this group in thè very undistinct 
wrinkles. Verrucae of thè distai face are flattened and entirely confluent which 
is characteristic only for this species. By its large size (80 jum) its spores dif- 
fer from any other Encalypta species investigated so far. 

The third spore type comprises E. alpina , E. procera and E. streptocarpa. 
All three have katalept spores ornamented by granules. None of them has 
distinct differences between thè proximal and distai faces. In this group 
E. alpina is thè transitional type — to some extent between thè second 
and third groups. Namely, this species has some differences between thè two 
faces of its spore and thè structure of its proximal face is similar to that of 
E. longicolla. Its spores and granules are essentially larger than those of E. 
procera and E. streptocarpa. The last two species, E. procera and E. streptocarpa. 
are similar to each other having no differences between thè two faces of their 
spores. They differ, however, from each other as follows: E. procera has twice 
larger spore than E. streptocarpa and as a rule its granules do not coalesce 
forming fingerprint-like pattern which is characteristic for E. streptocarpa. 
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NEAR SIKFÒKÙT, NORTH HUNGARY* 

By 

L. B. Papp 

INSTITUTE OF BOTANY, KOSSUTH LAJOS UNIVERSITY, DEBRECEN 

(Received July 20, 1975) 


This paper contains thè calorie values of thè doniinant species in an oak forest 
(Quercetum petraeae-ccrris) as well as thè energy content of thè phytoinass of this eco- 
system. Calorie values have been measured for several fractions of thè same species 
and for various layers (trees, shrubs, herbs) of thè stand. A decrease in calorie values 
can he observed inoving from thè trees to thè herbs; values measured are 4657 (trees), 
4476 (shrubs) and 4379 cal/g (herbs). There is no significant deviation between thè 
calorie values of diverse species of thè same layer but leaf and bark calorie values 
differ rather considerably depending on thè species. On thè contrary wood values 
constitute a more uniform range. The energy content of thè dominant species is 113. 
646x 10” kcal/ha as calculated from thè phytomass (in dry weight) and thè calorie 
values. 

An important direction of ecosystem research embraces thè study of energetic 
relations, thè quantitative description of energy flow and thè judgeinent of ecological 
efficiency. Such research necessarily includes thè determination of sample calorie 
values because so quantitative relationships can be expressed with a greater accuracy 
than if only dry weights are considered (Golley, 1965; Lieth, 1968; Runge, 1971, 
1973, etc.). 

The ecosystem under study is a 65 years old climazonal oak forest (Quercetum 
petraeae-cerris) on brown forest soil situated in thè southern part of thè Biikk Mountains 
at an altitude of 300 m above sea level near thè village Sikfòkut (Jakucs, 1973) and 
investigated as “Sikfokùt Project” according to thè “Man and Biosphere”. 

In thè first part of our energy flow studies we determined thè calorie values 
for several fractions of thè dominant species as well as thè energy content of thè eco- 
system’s phytomass. 


Methods 

Calorie value measurements were carried out at three layers (trees, shrubs and herbs). 
The tree and shrub samples were collected between October 21 and 30, 1974. The samples 
of thè two oak species were obtained from three felled trees, those of thè shrubs from 5 felled 
individuals. The herbaceous samples were taken between May 26 and June 31, 1974 using 
both thè monolithic and thè individuai sampling methods. The samples were dried at 85 °C, 
then ground, or comminuted and finally pelleted. Combustion heat of thè samples was de¬ 
termined by an adiabatic bomb calorimeter in pure oxigen of 20 atm pressure. The calorimeter 
was calibrated with benzoic acid. Errors due to thè ignition wire, thè cotton thread and 
thè cigarette paper into which thè tablettes were packed were corrected. However, because 
of its low value, no consideration was given to thè additional temperature increase due to 
thè sulphuric and nitric acids evolving during combustion. At least three parallel measure¬ 
ments were made per sample type. The calorie values are given for dry and ash-free dry 
weight (Lieth, 1968; Runge, 1971; etc.). The ash content has been determined by heating 
at 500 °C while thè temperature was increased stepwise. 

* “Sikfokut Project” No. 19. 
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Table la 


Calorie vaine and ach content of oak species 
(n = mimber of measurements, s* = standard deviation of mean values) 



n 

cal/g 

dry weight 

8 * 

1 

ash % 

cal/g ash-free 
dry weight 

Quercus petraea 






leaf, shade-adapted 

5 

4627 

32.8 

6.5 

4947 

light-adapted 

5 

4832 

41.3 

6.1 

5144 

twig 0 < 1 cin 

4 

4646 

47.2 

3.7 

4830 

branch 0 1 10 cm 






wood 

3 

4732 

21.1 

1.0 

4789 

bark 

4 

4264 

30.3 

9.0 

4689 

trunk 






wood 

4 

4747 

19.9 

0.5 

4768 

bark 

4 

4443 

16.7 

10.4 

4959 

root 

3 

4494 

26.5 

6.9 

4829 

fruit 

3 

4654 

8.1 

2.6 

4780 

Quercus cerris 






leaf, shade-adapted 

5 

4807 

27.0 

6.2 

5126 

light-adapted 

5 

4945 

22.9 

5.4 

5229 

twig 0 1 cm 

4 

4629 

55.1 

5.3 

4893 

branch 0 1 — 10 cm 






wood 

3 

4664 

31.7 

1.3 

4728 

bark 

4 

4282 

24.0 

8.3 

4669 

trunk 






wood 

3 

4735 

16.9 

1.1 

4787 

bark 

7 

4659 

24.0 

8.4 

5081 

root 

3 

4574 

19.3 

4.6 

4793 

fruit 

3 

4510 

8.1 

2.1 

4605 


Results 

Calorie values 

The calorie values of thè various fractions of thè individuai species are 
listed in Tables la, lb, le. The following characteristics can be pointed out. As to 
thè green parts (trees and shrubs leaves, living parts of herbs) calorie values 
are decreasing from thè tree layer toward thè herbaceous one: mean values 
are 4803 for thè oak species, 4364 for thè shrubs and 4334 cal/g for thè herbs. 
Higher calorie values were found for thè light-adapted oak leaves than for 
thè shade-adapted ones. Relatively great differences were found between thè 
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Table lb 


Calorie value and ash content of shrub species 
(n = number of measurements, s* = standard deviation of mean values) 



n 

cal/g 

dry weight 

J_ 

8 - 

X 

ash % 

cal/g ash-free 
dry weight 

Cornus mas 




1 


leaf 

5 

3987 

37.1 

14.0 

4635 

1 

bark (stem, branch) 

4 

4540 

16.4 

10.0 

4993 

wood (stem, branch) 

3 

4669 

11.3 

0.7 

4701 

root 

4 

4449 

13.0 

8.3 

4848 

Cornus sanguinea 






leaf 

5 

4119 

27.4 

14.1 

4796 

bark (stem, branch) 

5 

4736 

26.9 

6.3 

5058 

wood (stem, branch) 

3 

4611 

28.1 

0.6 

4634 

root 

3 

4367 

15.0 

8.3 

4761 

Acer campestre 






leaf 

6 

4354 

3.0 

10.3 

4851 

bark (stem, branch) 

5 

4226 

27.7 

9.7 

4683 

wood (stem, branch) 

4 

4635 

16.7 

1.2 

4689 

root 

4 

4377 

43.2 

10.0 

4861 

Acer tataricum 






leaf 

6 

4470 

61.2 

5.61 

4736 

bark (stem, branch) 

5 

4428 

63.5 

7.5 

4784 

wood (stem, branch) 

3 

4610 

29.4 

0.6 

4634 

root 

3 

4308 

32.1 

5.8 

4575 

Ligustrum vulgare 






leaf 

5 

4688 

37.6 

9.0 

5149 

bark (stem, branch) 

4 

4552 

53.7 

4.9 

4791 

wood (stem, branch) 

4 

4621 

31.8 

0.7 

4653 

root 

4 

4538 

28.6 

6.8 

4873 

Eonymus verrucosus 






leaf 

5 

4564 

45.9 

9.5 

5041 

bark (stem, branch) 

5 

4749 

23.8 

6.3 

5081 

wood (stem, branch) 

3 

4717 

9.0 

0.7 1 

4749 

root 

3 

4614 

19.8 

8.1 

5023 
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Table le 


Calorie value and ash content of herbs 
(n = number of measurements, s* = standard deviation of mean values) 



n 

cal/g 

dry weight 

8- 

X 

ash % 

cal/g ash-free 
dry weight 

Poa nemoralis 






aboveground, living 

3 

4380 

31.3 

6.0 

4661 

aboveground, dead 

3 

4382 

15.0 

8.7 

4798 

belowground 

3 

4472 

45.9 

11.0 

5014 

Melica uniflora 






aboveground, living 

3 

4283 

4.3 

8.1 

4665 

aboveground, dead 

3 

4254 

32.0 

12.2 

4850 

belowground 

3 

4429 

8.5 

7.6 

4795 

Dactylis polygama 






aboveground, living 

3 

4242 

20.1 

12.4 

4847 

aboveground, dead 

3 

4059 

40.5 

15.8 

4822 

belowground 

3 

4267 

47.3 

10.8 

4789 

Carex michelii 






aboveground, living 

3 

4343 

3.5 

9.0 

4718 

aboveground, dead 

3 

4385 

21.5 

10.6 

4904 

belowground 


4435 

37.3 

8.3 

4837 

Carex montana 






aboveground, living 

3 

4222 

3.1 

8.4 

4827 

aboveground, dead 

3 

3940 

73.5 

14.7 

4614 

belowground 

3 

4468 

77.5 

6.3 

4764 


leaves of various species in thè shrub layer (thè two Cornus species having 
thè lo west values) a fact partly accounted for by their disparate ash contents 
as thè calorie values of thè ash-free dry weights differ less. However within 
thè herb and thè tree layers, resp. leaf values are more homogeneous. 

As far as thè wood is concerned, no significant differences exist between 
species or within species between parts (branches, stems) of different diameter. 
Relevant values fall between 4600 and 4750 cal/g and, in generai, He below 
or approach closely those of leaves. 

Bark calorie values differ considerably in thè species studied ranging 
from 4200 to 4700 cal/g. As a rule, within species thè bark values He below 
those of thè wood, however thè values of ash-free bark are higher, thè primary 
reason being presumably thè higher ash content. With thè two oak species, 
thè calorie value of thè bark increases parallel with thè diameter of thè woody 
parts being thus lower for thè bark of branches than of stems. Runge (1973) 
has called attention to a contrary tendency in thè bark of birch and spruce. 
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Table 2 


Phytomass (as dry weight) and its energy content (kcal/ha) 



t/ha 

X IO 7 kcal/ha 


kg/ha 

X10 B kcal/ha 


kg/ha 

X10 4 kcal/ha 

Quercus petraea 



Acer campestre 



Carex michelii 



foliage 

3.78 

1.788 

foliage 

199.07 

8.668 

aboveground living 

22.41 

9.733 

branch 

51.02 

23.366 

stem -f* branch 

1311.11 

58.632 

aboveground dead 

12.51 

5.486 

stem 

110.91 

52.372 

root 

753.13 

32.964 

belowground 

36.18 

16.046 

root 

27.11 

12.183 


2263.31 

100.264 


71.10 

31.265 


192.82 

89.709 







Quercus cerris 



Acer tataricum 



Carex montana 



foliage 

0.89 

0.434 

foliage 

46.10 

2.061 

aboveground living 

5.34 

2.363 

branch 

8.05 

3.641 

stem + branch 

331.12 

15.122 

aboveground dead 

3.82 

1.507 

stem 

29.53 

13.981 

root 

173.05 

7.455 

belowground 

12.21 

5.454 

root 

6.37 

2.914 


550.27 

24.638 


21.37 

9.324 


44.88 

20.970 







Total: 

t/ha 

X IO 7 kcal/ha 

Cornus mas 



Poa nemoralis 



trees 

237.660 

110.679 

foliage 

185.28 

7.387 

aboveground living 

68.95 

30.201 

shrubs 

6.242 

2.794 

stem -|- branch 

1905.54 

86.987 

aboveground dead 

33.88 

14.847 

herbs 

0.395 

0.173 

root 

675.17 

30.037 

belowground 

85.53 

38.251 


244.297 

113.646 


2765.99 

124.412 


188.36 

83.299 




C. sanguinea 



Melica uniflora 






foliage 

29.79 

1.227 

aboveground living 

32.59 

13.959 




stem -J- branch 

146.67 

6.858 

aboveground dead 

55.28 

23.517 




root 

119.65 

5.225 

belowground 

14.42 

6.387 





296.11 

13.310 


102.29 

43.863 




Ligustrum vulgare 



Dactylis polygama 






foliage 

15.57 

0.730 

aboveground living 

4.52 

1.917 




stem + branch 

71.09 

3.283 

aboveground dead 

3.51 

1.423 




root 

162.15 

7.358 

belowground 

4.25 

1.815 





248.81 

11.371 


12.28 

5.155 




Eu. verrucosus 









foliage 

7.39 

0.337 







stem + branch 

26.90 

1.267 







root 

83.94 

3.873 








118.23 

5.477 
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Great differences can be observed also between thè calorie values of tlie 
roots of different species. It is interesting furthermore that oak acorns do not 
claim a high rank with respect to calorie value. 

Averaging thè individuai fractions calorie values are obtained for thè 
dominant species in cal/g. Trees: Quercus petraea 4652, Quercus cerris 4672; 
shrubs: Cornus mas 4498, Cornus sanguinea 4495, Acer campestre 4430, Acer 
tataricum 4477, Ligustrum vulgare 4570, Euonymus verrucosus 4632; herbs: 
Carex michelli 4397, Carex montana 4363, Poa nemoralis 4422, Dactylis poly- 
gama 4198. Obviously species belonging to thè same genus have nearly iden- 
tical calorie values. On thè other band, moving toward thè ground layer a 
decrease in calorie values becomes apparent since for trees 4647, shrubs 4476, 
herbs 4379 cal/g are thè means. With thè exception of slight differences our 
measurements agree fairly well with comparable data (Ovington Heit- 
kamp, 1960; Golley, 1961; Runge, 1973, etc.). 

Energy content of phytomass 

The energy content of thè phytomass, calculated in kcal/ha for layers, 
species and fractions, has been derived from thè calorie values and thè phyto¬ 
mass (regarded as dry weight). Results are summarized in Table 2. Tree and 
shrub phytomass is estimated by regression analysis on thè basis of measure¬ 
ments taken on felled samples (KarÀsz, 1974; B-Papp, 1974), data on thè phyto¬ 
mass of herbaceous vegetation have been taken over from thè communication 
of Jakucs and Papp (1974). 
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Cololejeunea fadenii spec. nov. from Mt. Kenya; Cololejeunea harrisii spec. nov. 
and Cololejeunea jonesii spec. nov. from thè Uluguru Mts., Tanzania, are described. 
The description of thè rare C. usambarica E. W. Jones is completed. Aphanolejeunea 
runssorensis Steph. is transferred into Cololejeunea and synonymized with C. leonardii 
Vanden Berghen. 


This study is thè first paper of a series of taxonomic observations to be 
made on epiphyllous liverworts. Although thè available material of African 
Cololejeunea was thoroughly revised hy E. W. Jones (1953, 1953, 1954, 1957, 
1968), many new collectings were made hy thè author and his colleagues, 
which either modify thè known range of distribution of African taxa, or 
contribute new taxonomical data. While one part of thè floristical data were 
published in Bizot— Pócs (1974), this paper deals with thè new taxa and with 
taxonomically scarcely known or misplaced species. 


New taxa 

Cololejeunea fadenii Pócs sp. nov. (Figs 1—22) 


Pianta parva, autoica, flavo-virens, foliicola: ad folium Pteridophytum caespites den- 
sos, diametro 4—10 inni formans. Caules ad 5 mm longi, 30 pm crassi, cum foliis 0.5—0.6 mm 
lati. Pianta heterophylla: folia magna 300—350 p m longa, 150—180 pm lata, apicibus acuta; 
folia parva 100—150 pm longa, 70—100 pm lata, saepe in caulibus propriis disposita. Lobus 
dorsaliter et ad marginein gemmas 16-, 18-, vel 20-cellulares gerens. Gemmae inarginales ad 
superficiem lobi directae. Lobus e cellulibus isodiametricis (10—18 ^m diam.), parietes aequa- 
liter tenues, extrorse mamillatos habentibus, constructus. Lobulus partem 1/2 ad 3/4 fere 
longitudinis lobi adaequans, in foliis magnis bene evolutus, cellulis, carina excepta, levibus. 
Dens apicalis elongatus, bicellularis. Dens proximalis priori vicinus, valde humilis, obtusus 
et saepe introrsus, non visibilis. Papilla hyalina non visibilis. Bracteae femininae 180—250 pm 
longae. Perianthium 400 /tm longum, 200—250 pm latum, pyriforme, brevirostratum, 5-cari- 
natum, carinis inter se aequalibus. Cellulae perianthii mamillato-spinosae. Sporangiuin globo- 
sum, diametro 180 pi n. Elaterae 160 pm longae. Androecea in ramulis pseudapicalibus, longi¬ 
tudine perianthium superantibus, orta, bracteis in 3—5 jugis. Bracteae foliis sterilibus similes, 
distantes. Antheridia solitaria, longe-pedunculata. Speciem novam in honorem A. J. et R. B. 
Faden, collectoriuin eius primorum, nominavi. 
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Cololejeunea fadenii Pócs n. sp. Fig. 1: Shoot apex witli inale spikelet and two perianths. 
2—3: Perianths seen from above. 4: Part of shoot with one normal and two reduced leaves. 
5: Mamillosity of lobe. 6: Mamilles in section. 7: Priinordium of a discoid gemma. 8—9: 
Normally developed leaf lobules. 10: Shoot formed by reduced leaves. 11: Discoid gemma, 
transversai section. 12: Gemmae seen from above. All drawn from thè type. Note: thè scale 
given near thè figures indicates 100 /un (0.1 mm), divided into two halves of 50—50 firn. 
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Cololejeunea fadenii Pócs n. sp. Figs 13 —14: Perianths; a: perianth mouth. b: edge of 
carene. 15: Transversai section of stein. 16: Open perianth with sporophyton. 17: One segment 
of sporangium wall. 18: Inner celi layer of sporangium wall. 19: Elateres. 20: Male bracts 
hearing shoot. 21: One male bract with an antheridiuin. 22: Transversai section of an antheri- 
dium. All drawn from thè type. 
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A relatively small, yellowish green, autoicous plant, living in 4 10 mm 

large, round patches on fern leaves. Shoots up to 5 mm long, 0.5 0.6 mm broad, 

diameter of stem 30 ^m. The stem is composed of 1 medullary and of 5 rows 
of cortical cells. Heterophyllous, hearing large leaves 300 350 ^m in length 

and 150 180 in width; and small, reduced leaves 100 150 p in length 

and 70 100 firn in width. The reduced leaves often form separate, gemmifer- 

ous shoots. The lohus of leaves bears hoth intramarginal and marginai discoid 
gemmae. The latters are perpendicular to tlie leaf surface. The gemmae are 
composed of 16, 18 or 20 cells. The lohus cells are isodiametric, 10 18 firn in 

diameter, with thin, even celi walls, dorsally mamillate. The mandila of thè 
cells is conical, acute. The lobulus is large, longer than thè half of thè lohus. 
The lobulus cells are smooth except thè keel. The free margin of thè lobule is 
always strongly inflexed, with a well developed, bicellular apical tooth. The 
proximal tooth is very near, short, ohtuse or obsolete. Hyaline papilla is not 
visible. The female hracts are 180 250 p long covering 1/2 — 3/4 of thè 

400 fi m long, 200 — 250 fun broad, pyriform perianth. The perianth bears 
5 equal, sharp or obtuse carenes and a short beak. All perianth cells, especially 
those of thè carenes, are acutely mamillate. The sphaeric sporangium is 180 p 
in diameter, thè elaters are 160 ^m long. The male bracts are distant and in 
shape similar to sterile leaves, forming a seemingly apical spikelet, twice longer 
than thè seemingly lateral perianth. Each male bract bears one sole antheridium. 
The new species is dedicated to its collectors. 

Holotype: East Africa, Kenya, Nyandarua District. On thè S slope of 
Mt. Kenya. Epiphyllous in montane rain forest rich in tree ferns; along thè 
Kamweti track, Crossing thè Gathiba River upstream to thè waterfall, above 
Castle Forest Station, at 2300 m altitude. Collected by Miss A. J. Evans 
(recently Mrs. Faden), Mr. R. B. Faden; accompanied by Messrs. B. Kariuki 
and F. S. Mwenda, on 31 January, 1971. s.n. The delicate liverwort forms 
almost pure, yellowish green patches on fern leaves belonging to different 
species. It is accompanied by a few shoots of Cololejeunea xaverii (Lecout.) 
E. W. Jones and by Taxilejeunea conformis (Mont.) Steph. The holotype is 
deposited in EGR, isotypes are in BP, DSM, EA, JE and in thè herbarium 
of R. B. Faden. 

The taxonomic position of this new species reflects well thè difficulties 
separating Cololejeunea and Aphanolejeunea. Some characters, as thè hetero- 
phyllv, thè large, inflexed lobules, thè presence of marginai gemmae, are 
Aphanolejeunea-Yike, but on thè other hand, thè relatively large size, thè 
presence of intramarginal gemmae in larger number and thè shape of thè 
apical tooth refer to Cololejeunea , according to thè characters given in Evans 
(1911) and Schuster (1955, 1963). Within thè genus Cololejeunea thè com¬ 
parale species, small-sized for this genus, are in Africa: Cololejeunea myriantha 
(H erz.) S. Arnell, with a similar perianth and male inflorescence, but more 
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antheridia per bract, a very different leaf and celi shape; Cololejeunea dissita 
E. W. Jones with a different leaf and lobule shape and with different cells. 
As far as thè genus Aphanolejeunea is concerned, there are two species de- 
scribed by Stephani in tropical Africa and one from South Africa diagnosed 
by S. Arnell. Of thè species described by Stephani, Aphanolejeunea zenkerii 
(Stephani 1916: 858) was transferred to Cololejeunea by E. W. Jones (1954: 
420). Aphanolejeunea runssorensis also belong to Cololejeunea (see page 371), 
and is not related to thè new species. The third one, Aphanolejeunea capensis , 
even if it was described first as a Cololejeunea by S. Arnell (1953: 161) and 
later transferred to Aphanolejeunea (S. Arnell 1963: 172), well fulfills thè 
criteria of thè latter genus and differs from Cololejeunea fadenii by its much 
smaller size and by thè lack of intramarginal gemmae. Aphanolejeunea capen- 
sis, a very delicate foliicolous plant known from thè Cape and Transvaal, was 
collected by thè author also in East Africa (see page 361). 


Cololejeunea harrisii Pócs sp. nov. (Figs 23—34) 


Pianta magnitudine media, pallide olivaceo-virens, foliicola, ad folium Pteridophytuin 
reptans, caulibus pinnate ramosi?, ad 10 mm longis, 70 firn crassis, una cum foliis 1.2—1.5 mm 
latis, foliis contiguis vel subimbricatis, 0.6—1 mm longis et 0.4—0.6 mm latis, suborbiculari- 
bus. Margo lobi cellulis elongatis (25—40x 10—18 /im), uniseriatis, non hyalinis. Cellulae sub 
margine quadrangulares; mediae lobi hexagonales, diametro 40—50 /tan; basales 50—60x20 
/(m. Cuticula levis, cellulae sine triangulis. Lobulus ad partem 2/3 inflatus, margine et apice 
planus. Dens apicalis bicellularis, apice rotundatus, e cellulis isodiametricis constructus. 
Papilla hyalina proximalis, lateralis. Stylus non visibilis. Dens proximalis subnullus, humilis, 
saepe absens. Perianthia e basi angusta obcordata, compressa, auriculato pianissime dilatata, 
margine crenulata, ad ostium cellulis mamillatis; mature 500—600 /nn longa, 400—500 firn 
lata, bracteis partem 2/3 ad 4/5 longitudinis attingentibus. Sporangia sphaerica, diametro 
140 ^um, elateris 80—120 /im longis. Androecea lateralia, bracteis in 2—3 jugis. Bracteae 
fertiles cum 1—2 antheridiis. Gemmae ignotae. Speciem hanc dedicavi in honorem professoris 
B. J. Harris, socii mei amicissimi in excursionibus nostris compluribus collectionis gratia 
absolutis. 


A medium-sized, pale olivaceous green, autoicous plant creeping on fern 
leaves. Shoot pinnately branched, up to 10 mm long, 1.2 1.5 mm broad. 

Stem diameter 70 /im. The leaves are contiguous or slightly imbricate, 0.6 
1 mm long and 0.4 0.6 mm broad, rounded, widest near thè middle. The 

marginai cells are elongated, forming an undistinct, Mniaceae- like border. 
The lobus cells are subquadrangular below thè margin, hexagonal with 40 
50 jt/m diameter in thè center of thè lobe and elongated, 50 60x20 /j m at 

thè leaf base. The celi walls are evenly thickened, smootli. The lobule is obovate 
2/5 lengths of thè lobe, its proximal 2/3 is inflated, thè apical part and margin 
are fiat. The apical tooth is usually composed of two rounded cells with a 
globose hyaline papilla at thè proximal margin of thè tooth. The proximal 
tooth is very broad and low, formed by 12 slightly protruding cells of thè 
lobule margin, sometimes lacking. The perianths are heart-shaped, broad 
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Cololejeunea harrisii Pócs n. sp. Fig. 23: Branching System with perianths and male 
spikelets seen from below. 24: Shoot seen froin above. 25: Male spikelet with antheridia. 
26: Open perianth with sporophyton. 27: Inner (and outer) celi layers of sporangiuin wall. 
28: Elateres. All drawn from thè type. 
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I_i-1 

Cololejeunea harrisii Pócs n. sp. Fig. 29: Female bracts with young perianth and arche- 
gonium. 30: Mature perianth. 31: Perianth apex; a: perianth mouth. 32: Perianth with devel- 
oping sporophyton. 33: Perianth seen froin above. All drawn from thè type. 
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Cololejeunea harrisii Pócs n. sp. Fig. 34: Leaf structure; a: cells of proximal margin 
of lobe, 1): sanie of antical margin, c: of lobe apex, d: of base of lobe, e: median cells of lobe, 
f: cells from postical margin, g: lobule. All drawn from thè type. 
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auriculate-winged, fiat, except thè centrai, spindle-like inflated part. Their 
cells, especially near thè mouth, are rounded protuberant, therefore thè carenes 
are slightly crenulate. The perianths are 0.5 — 0.6 min long and 0.4 0.5 min 

broad, with bracts 0.4 0.5 mm in length. The diameter of mature sporangia 

is 140 fim. The elaters are 80 120 fum long with strongly sinuous incrassated 

walls. The male spikelets are lateral on thè main axis or on thè branches,formed 
by 2 — 3 pairs of bracts, eacli with 1-2 antheridia. Gemmae are not seen. 

The new species is dedicated to prof. B. J. Harris (Ahmadu Bello 
University, Zaria, Nigeria), who often accompanied and helped me in many 
ways during my stay in East Africa. 

Holotype: East Africa, Tanzania, Morogoro District, Uluguru Mts. Epi- 
phyllous on Tectaria leaves in montane mossy forests with many tree ferns 
on thè NW slopes of thè Lupanga crest, at 1800—2000 m altitude, associated 
with Aphanolejeunea capensis (S. Arnell) S. Arnell, collected by T. Pócs and 
B. J. Harris, No. 6130/S, on 14 Feb., 1970. Holotype deposited in EGR, iso- 
types in DSM, BP. 

This very characteristic Cololejeunea is quite isolated in Africa, with its 
peculiar leaf margin cells and by its compressed, heart-shaped, auriculate- 
winged perianth. The latter suggests affinity with some Asian members of 
thè subgenus Lasiolejeunea , but thè lack of papillae precludes this relation. 
The only African species with sudi a perianth, Cololejeunea apiculata (E. W. 
Jones) Schuster, has a very different, acute-pointed lobe and a fiat lobule with 
a hyaline papilla at thè apex of an enormous, pluricellular tooth. The shape 
of thè lobe and lobule and thè position of thè hyaline papilla show thè nearest 
affinity with thè members of thè Sectio Crenatiflorae within thè Subgenus 
Platycolea , but with a very different kind of leaf margin. 


Cololejeunea jonesii Pócs sp. nov. (Figs 35—43) 

Pianta magnitudine media, autoica, pallide virens, foliicola, in statu juvenili ad folia 
adhaerens, serius laxe applicata. Caulis 40—50 /im crassus, regulariter cuin merophytis bise- 
riatis, cum foliis I mm latus, 5—10 mm longus. colonias diametro 10—20 mm formans. Folia 
asymmetrica, subcordata, imbricata, caulem valde superantia. Lobus 1/3—3/4 hyaline margi- 
natus: cellulis hyalinis 1—2 seriatis, subquadrangularibus. Cellulae submarginales diametro 
10—20 jUm, centrales 18—32 //m. basales 15—20 /un, subisodiametricae, parietibus leves, sine 
trigonis vel trigonis minimis. Lobulus parvulus, ligulatus vel trianguliforinis. Dens apicalis 
elongatus, in longitudinem 2—5-cellularis, cellulibus 1—2-seriatis. Papilla hyalina magna, 
subapicalis, proximalis. Stylus unicellularis, clavatus. Gemmae e 40—5Ò cellulis compositae, 
in superficie loborum densissime evolutae. Perianthia e basi angusta obcordata, compressa, 
bialata, in marginibus cellulis lentiformiter prominentibus, 500 /un longa, 400 /un lata, bracteis 
mature aequilongia. Androecea lateralia, 2-jugata. Species dedicata in honorem dr. E. W. Jones, 
auctoris monographiae specierum Africanarum generis Cololejeuneae. 

A medium-sized, pale green, autoicous plant, forming 1 2 cui large 

mats on sclerophyllous, evergreen leaves. The shoots are 5 —10 mm long, 
1 mm broad; when young, strongly appressed to thè surface. The stems are 
40 50 pni thick, usually with two cells broad ventral merophytes. The leaves 
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Coìolejeunea jonesii Pócs n. sp. Fig. 35: Fertile shoot seen frolli below, with a male 
spikelet and two perianths. 36: Growing point of shoot apex. The hyaline papillae (h), styli 
(s) and thè ventral merophytes are well visible. 37: Two geminiferous leaves. 38: Discoid 
gemmae. 39: Mature perianth; a—b: carene edges, c: perianth mouth. All drawn from thè type. 
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Cololejeunea jonesii Pócs n. sp. Fig. 40: Leaf with hyaline margin (hm). 41—42: Leaf 
Jobules with Stylus (s) and hyaline papilla (h). 43: Leaf structure; a: antical margin, b: lobus 
apex, c: leaf base with lobule. All drawn froin thè type. 
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are asymmetric cordate, narrowed towards thè apex and hyaline-bordered 
from 1/3 to 3/4 lengths of their margins. The hyaline border usually fails to 
reach thè keel and is composed of a single or doublé row of cells with an almost 
entire or slightly crenulate margin. The young leaves bear a large, davate, 
unicellular Stylus. The lobe cells below thè margin are 10—20 firn wide, in 
thè center 18 — 32 and at thè base 15 —20 wide, subquadrangular or 
slightly elongately liexagonal, with smootli walls. The lobule is extremely 
small, triangular or ligulate, prolonged into a uni- or biseriate, acute tooth 
hearing a large, proximal papilla just below thè apex. The whole lobulus is 
composed of 10 24 cells and its length is about 1/10 of thè lobe. Discoid 

gemmae abundantly develop ori thè lobe surface, composed of 48 — 50 cells. 
The perianth is heart-shaped, compressed, about 0.5 mm long and 0.4 mm 
broad. The edge of thè carene is crenulate with lentil-shaped, slightly pro- 
tuberant cells. The perianth mouth is surrounded by arched, davate cells. 
The female bracts are as long as thè mature perianths, their lobe is hyaline- 
bordered. The male bracts are in 2 pairs, arranged in lateral spikelets. 

The new species is dedicated to Dr. E. W. Jones (Commonwealth 
Forestry Institute, Oxford), monographer of thè African Cololejeunea. 

Holotype: East Africa, Tanzania, Morogoro District. Kimboza Forest 
Reserve on thè carstic plateau at thè eastern foothills of Uluguru Mountains. 
Epiphyllous in semi-evergreen lowland rain forest, at 300 m altitude. Collected 
by T. Pócs and B. J. Harris, No. 6023/A, on 6 September, 1969. Holotype 
in EGR, isotypes in BP, G, DSM, EA, Herbarium of E. W. Jones. 

The species was recollected several times at thè type-locality (Pócs 
6216/A, 6236/A, 6273/A in EGR, DSM), where it is abundant, associated with 
foliicolous bryophytes typical to African lowland rain forests, as Cololejeunea 
leloutrei , C. pusilla et ssp. obtusifolia , C. furcilobulata , Leptolejeunea quintasii , 
Caudalejeunea africana , Cheilolejeunea africana , Radula flaccida and Calym- 
peres usambaricum (see Bizot Pócs 1974). 

The new species seems to be related to Cololejeunea auriculata by its 
reduced lobule, but well differs by its other lobe and lobule shape (see E. W. 
Jones 1953: 152 154). The lobus is much narrower towards thè apex and its 

base much more asymmetric, while thè lobule ends in a single or doublé row 
of cells. The other comparable species, Cololejeunea bolombensis (E. W. Jones) 
Schuster, though with an asymmetric leaf base, has also a broad, rounded leaf 
apex and its lobule is composed of much more and of elongated cells (see E. W. 
Jones 1953: 155, Tixier 1975: 28 — 33). As indicated by Vanden Berghen 
(1972: 475) and by Tixier (l.c.), Cololejeunea bolombensis has a perianth with 
a bcak and thè leaf cuticle is usually papillose. The nuinber of cells in thè 
discoid gemmae in C. jonesii is much higher than in thè related species. The 
presence of claviform styles and thè biserial ventral merophytes also appear 
to be good distinguishing characters. 
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Other taxonomical observations 

The taxonomic position of Cololejeunea usambarica E. W. Jones 
(see Figs 44 — 63) 

The author published a new locality of Cololejeunea perajfinis Schiffn., 
with its var. elegans Benedix, from Tanzania, Uluguru Mts., Mt. Lupanga 
(Bizot —Pócs 1974: 410). The specimen seemed atypical, but on thè base of 
an indistinct vitta was convenientlv classified bere, thè Asian species being 
known from West Africa. The other members of thè subgenus Taeniolejeunea 
represented in Africa are more different. Later, thè same plant was found 
abundantly in another epiphyllous collection, from thè NE part of thè Uluguru 
Mountains, and its hyaline papilla was observable. It became clear that tliis 
plant is not Cololejeunea perajfinis (see Figs 59 —60, where it is compared 
with a typical Vietnamese specimen of C. peraffinis var. elegans). Whereas 
thè hyaline papilla of Cololejeunea elegans is on thè inner base of thè apical 
tooth, therefore not visible, in our plant it lias a marginai position between 
thè two teeth. On thè other hand, tlie free margin of thè lobule is composed 
of only 4 — 6 very elongated cells. In C. elegans , this margin consists of 9 — 
12 much shorter, rectangular cells. The vitta in our plant is indistinct and 
shows a graduai transition into thè papillose lobe cells. In Cololejeunea elegans , 
thè vitta is quite sharply defined. E. W. Jones’ paper in question (1968: 571), 
in which he enumerates Cololejeuneas belonging to thè subgenus Taenio¬ 
lejeunea , refers to a probably African Taeniolejeunea described by Stephani 
under thè name of Physocolea vinata (Stephani 1916: 873 874). E. W. Jones 

studying Stephani’s material of this species, rejected thè name Physocolea — 
Cololejeunea vinata , as a nomen confusimi, because he found in thè Stephani 
Herbarium (G) three different species under this name, originating from tliree 
different localities: two of them from thè Usambara Mts. in East Africa and 
one from New Guinea. The locality given in Stephani’s description is “Africa 
orientalis, Usambara”. E. W. Jones introduced a new name for thè specimen 
cliosen from thè three plants, describing it as Cololejeunea usambarica (E. W 
Jones 1954: 434-435). 

Studying thè type-specimen of Cololejeunea usambarica E. W. Jones 
(Physocolea vinata Steph. p.p., G, No. 17499 ex Hb. Levier No. 4530), it was 
found on thè one hand that thè proposai for thè new name was correct, while 
on thè other hand thè plant published under thè name C. peraffinis from thè 
Uluguru Mts. by thè author is identical with Cololejeunea usambarica E. W. 
Jones. 

At thè same time, we have to establish that Stephani had a reason 
describing thè Usambaran species as vittate, even though its vitta is not 
sharply delimited, but stili visible in all studicd leaves of thè specimens. 


10 
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Cololejeunea usambarica E. W. Jones. Fig. 44: Shoot seen from below. 45: Shoot seen 
from above. 46: Leaves with gemmae (g). 47: Leaf structure; a: antical margin, b: lobule and 
vitta-like cells from leaf base. All drawn from Pócs and Harris No. 6130/Q. 
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Cololejeunea usambarica E. W. Jones. Fig. 48: The position of gametangia in thè branch- 
ing System. 49: Male spikelet with antheridia. 50: Perianth with developing sporophyton; 
u: same seen from above. 51: Open perianth with sporophyton. 52: Sporangium, open stage, 
with a spore. 53: Inner (and outer) celi layers of sporangium wall. 54: Multicellular spore. 
55: Eleteres. 56: Detail of a perianth with mouth and carene. 57: Perianth inouth. 58: Cells 
from lower part of perianth. All drawn from Pócs and Harris No. 6130/Q, EGR. 
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Comparison of thè leaves of Cololejeunea peraffinis Schiffn. (Fig. 59) and Cololejeunea usambarica E. W. Jones 
(Fig. 60). 1: Lobules and vitta. in: Leaf margin cells. Fig. 59 is drawn from a specimen collected by J. Kornas No. 
165, North Vietnam, Crete du Mt. Phan-si-pan, épiphylle sur Hymvnophyllacées , 2400 m alt., EGH. Fig. 60 is drawn 
from Pócs— Lung’weciia No. 6874/AG. 
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Cololejeunea usambarica E. W. Jones. Fig. 61: Leaf structure; m: margin of lobe apex, 
61: Lobule. 62: Perianths. 63: Male spikelet. All drawn from thè type. 


Acla Botanica Academiae Scientiarum Hungaricae 21, 1975 














370 


PÓCS, T. 


Tixier, in his revision of thè Asian Taeniolejeunea (1969: 543 594), relegates 

species to thè subgenus with an indefinitely limited vitta, with transitions 
to thè other lobus cells or with only a vitta-like area formed by translucent 
cells e.g. Cololejeunea cambodiana P. Tix., C. sphaerodontoides P. Tix. 

On thè specimens of Cololejeunea usambarica E. W. Jones, collected in 
thè Uluguru Mountains, it was possible to study thè lobe and lobule in optimal 
conditions, further thè discoid gemmae, thè position of thè male and female 
branches and other characters. The scarcity of thè type specimen did not 
permit Stephani and E. W. Jones to give full descriptions. Therefore an 
addition to thè descriptions is given, based on thè type of Cololejeunea usam¬ 
barica E. W. Jones and on thè material collected by thè author in two localities 
from tlie Uluguru Mountains. 

A small, autoicous, olive-coloured plant, forming 4 11 mm mats on 

different dicotyledonous and fern leaves. A pale, shiny, translucent group of 
vitta-like basai cells is appearent even through thè stereomicroscope. The 
slioots are 0.6 — 0.85 mm broad, thè dimensions of leaves: 300 450 fi m long, 

180 -250 fi m broad. The postical margin is slightly arched with 1 3 conically 

protuberant cells in thè sinus. Lobe cells 7 8x10 15 firn at thè apex, 

10 — 15x15—20 ^m in thè middle, with or without small trigones and slight 
intermediate thickenings, but in most cases hearing a 3 — 6 fi m broad hemi- 
sphaeric papilla above thè center of thè cells. At thè base of thè lobe a vitta- 
like, not sharply delimited group of large, elongate cells is present. This vitta- 
like band consists of 15 -30 cells, it is 3 -5 cells broad and 6 8 cells long. 

The cells in thè vitta are 12 -20 firn broad, 20 -45 ^m long, occasionally with 
nodulose intermediate thickenings, always translucent, without papillae. 
About half of thè vitta is covered by thè inflated, 120 150 firn long lobule 1 

The lobule cells are smootli, quadrangular, 5 8x9 21 firn. The free margin 

of thè lobule is formed by one row of 4 — 6 narrow, elongated cells (dimensions: 
3 —9X 25 - 50 firn). The apical tooth is formed by one or two cells, ending in 
a sphaeric one. The proximal tooth is shorter and more acute, formed by one 
triangular celi. The teetli are dose to each other and thè hyaline papilla (also 
in thè type) is located marginally at thè proximal base of thè apical tooth 
practically in thè unicellular sinus between thè two teetli. The discoid gemmae 
(not present in thè type) are 18 20-celled, their number is 1 3 per leaf. 

The perianths are borne on thè proximal part of bigger branches. Tliey 
are pyriform, dorsoventrally» not evenly compressed, 450x350 firn. The 
perianth cells bear large, nodulose trigones and near thè perianth apex also 
conical or hemisphaeric papillae. The sporangium is 200 250 |Um in diameter, 

with very few elaters (1 — 2 per segment). The elaters are 160—T70 firn long, 
with relatively thin, sinuous walls. One multicellular spore was seen in an open 
sporangium (Figs 52, 54), consisting of +4 cells. The sporoderm is translucent, 
very thin, and ornamented with small, round groups of papillae. Spore size: 
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50x15 ^m. The male inflorescence has, as described by E. W. Jones, 1 — 2 
antheridia per bract. 

On thè basis of thè above mentioned characters, Cololejeunea usambarica 
E. W. Jones should be treated as a member of thè subgenus Taeniolejeunea , 
within thè section Leonidentes Benedix. The only argument against this 
assignment is thè lack of a Stylus. 

The known distribution of Cololejeunea usambarica E. W. Jones is: East 
Africa, Tanzania, East Usambara Mts., Amani Botanical Garden, at 600 m 
alt. Epiphyllous on Hymenophyllaceae leaves near Sigi stream. Coll. Panda- 
rang Joshi, Sept. 1903, ex Hb. Levier No. 4530 in G, Foundation Stephani 
No. 17499. Holotypus. 

Tanzania, Morogoro District, Uluguru Mts. NW slopes of Mt. Lupanga. 
Epiphyllous on different dicotyledonous leaves in thè mossy forest below 
thè rocky crest, at 1800 — 2000 m altitude. Coll. T. Pócs and B. J. Harris, 
No. 6130/Q, 14. Feb. 1970. (EGR, BP, DSM under thè name C. peraffinis var. 
elegans ); N of Kinole sawmill in submontane rain forest at 1070 1100 m alt. 

Abundant on different dicotyledonous leaves. Coll. T. Pócs and M. Lung’wecha, 
No. 6874/AG, 4. Feb. 1973 (EGR, BP, DSM). 

From thè above data, Cololejeunea usambarica seems an element of thè 
rain forests of old crystalline massives in East Africa, similarly to thè range 
of Saintpaulia species among thè phanerogams. 

Cololejeunea runssorensis (Steph.) Pócs comb. nova (Figs 64—70) 

Basionym: Aphanolejeunea runssorensis Steph. 

Sp. Hep. 5 (1916): 858. 

Syn. nov.: Cololejeunea leonardii Vanden Berghen 
Bull. Jard. Bot. Nat. Belg. 41 (1971): 283, Fig. 22. 

Studying Cololejeunea fadenii described above, all possibilities of com- 
parison were taken in account, including all known African Aphanolejeunea 
species (page 357). Checking thè type-specimen of Aphanolejeunea runssorensis 
Stephani (G, Foundation Stephani No. 17493, from Ruwenzori Mts.), it 
became immediately clear that this plant was a Cololejeunea in thè strict sense. 
None of thè generic characters of Aphanolejeunea is present in thè plant. It is 
not known, why Stephani relegated thè plant to thè genus Aphanolejeunea , 
together with A. zenkerii — although thè type-specimen bears a pencil mark 
which most probably antedates thè ink mark of Aphanolejeunea — clearly 
indicating Colo-lejeunea as a previous intention. Both are handwritings of 
Stephani. Similarly to Aphanolejeunea zenkerii , transferred by E. W. Jones 
to Cololejeunea , this species also belongs to thè Subgenus Cololejeunea (Spr.) 
Schiffn., Sectio Duvignaudii Scliust. Therefore thè above new combination 
is proposed. 
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Cololejeunea runssorensis (Steph.) Pócs. Fig. 64: Fertile shoot seen from below. 65: 
Male spikelet. 66—67: Mature perianths. 68: Perianth mouth. All drawn from thè type of 
Aphanolejeunea runssorensis Steph. 
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Cololejeunea runssorensis (Steph.) Pócs. Fig. 69—70: Leaf structure; m: antical margin, 1: lobule with hyaline 
papilla (hp). All drawn from thè type of Aphanolejeunea runssorensi Steph. 
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On thè other hand, thè author found a great similarity between this 
plant and thè well illustrated description of Cololejeunea leonardii Yanden 
Berghen (1971: 283 — 286, Fig. 1 and supplemented by 1972: 480 481 with 

Fig. 22). Comparing thè types of these species, their full identity was proved. 
The leaf border just reaching thè stem, thè typical, 1 —2-celled, blunt apical 
tooth with thè hyaline papilla at thè inner base, thè shape of thè proximal 
tooth, thè papillosity of thè leaves, and, first of all, thè shape and structure 
of thè perianth, coincide utterly. The only differences are as follows: thè plants 
described as Cololejeunea leonardii by Vanden Berghen are slightly more 
stender than thè type of Aphanolejeunea runssorensis. C . leonardii has discoid 
gemmae not observable on Stephani’s plant; it has no or weakly developed 
trigones, which are well marked in thè leaf cells of Aphanolejeunea runssorensis . 
All these variable vegetative characters are not to be taken in account in 
a specific delimitation. 

Summarizing thè geographical distribution of Cololejeunea runssorensis , 
it may be stated that it is an epiphyllous element of thè extremely moist rain 
forests of thè Central African high mountains: 

Uganda: Ruwenzori Mts., Wimi, amongst tree ferns, coll. Elliott 258 ex 
hb K in G, foundation Stephani No. 17493, Holotypus of Aphanolejeunea 
runssorensis Steph. 

Burundi: District of Edward and Kiwu Lakes, Mt. Nyabigondo-Teza 
(Muramvya area), montane forest, 2300 m alt., coll. J. Léonard 5227. Type 
of Cololejeunea leonardii Vanden Berghen, BR, hb. Vanden Berghen; Mabayi 
(Bubanza area,) dense forest at 1650 m alt. Coll. J. Lewalle No. 6254, 6259; 
Bugarama (Muramvya area), Ficalhoa forest, at 2100 m, coll. Lewalle 
No. 5226. 
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tÌBER EINIGE PFLANZEN 
DES WESTLICHEN TIENSCHAN. I. 


Von 

Sz. Priszter 

BOTANISCHER GARTEN DER EÒTVOS-LORAND-UNIVERSITAT, BUDAPEST 

(Eingegangen am 12. 5. 1975) 


The author describes a new, one-leaf variety (var. granitovii) of Allium karata - 
viense Rgl. obtained from thè “Tshatkalskii Zapovednik” nature conservation area 
of thè Western Tien-Shan Mountains. The synonymy and occurrences of Sedimi alberti 
Rgl. and of S. ewersii Ledeb., inhabiting also thè Western Tien-Shan are also clarified. 
S. ewersii var. homophyllum Praeg. is found to grow wild in tliat region; a new, round- 
leaf variety (var. cyclophyllum), occurring in thè same area, is also described. 


Im Sinne des zwischen deli Universitàten von Budapest und Taschkent 
bestehenden Austauschvertrages ergab sich schon seit 1971 jedes Jalir eine 
Gelegenheit zur Durchfulirung einer Gelàndeiintersuchung fiir Universitàts- 
liòrer in Mittelasien. Uber die bisherigen botanischen Ergebnisse dieser sind 
einige Publikationen bereits erschienen (Kovacs-Lang Isépy 1972, Isépy 
Mészaros-Draskovits 1974, Priszter Isépy 1974). Vorliegend werden 
einige neue oder wenig bekannte Taxa aus der reichen Flora des westlichen 
Tienschan eròrtert. In dieser I. Abhandlung werden unter 1 4. Allium 

karataviense und einige Sedum -Taxa besprochen. Verfasser spricht fiir die 
gegebene Hilfe den Herbarien zu Leningrad und Taschkent seinen besten 
Dank aus. 


1. Allium karataviense Rgl. var. granitovii Priszter 

Die von Regel im Jahre 1874 beschriebene schone Zwiebelart Allium 
karataviense mit eigenartigem Habitus wird in den Gàrten Europas schon seit 
langem als Zierpflanze kultiviert. Der niedrige Wuchs, die 2 (seltener 3) gro- 
ssen, hreiten, tief geaderten, blàulichgrunen und sitzenden Blàtter, die ober- 
irdische Blattscheide sowie der sicli an der Spitze des niedrigen Schaftes ent- 
wickelnde einzige, von rosaweissen Bliiten gehildete grosse Blùtenstand 
charakterisieren diese Art. 

Nordostlich von Taschkent, im Gebiet des Tschatkalskij Zapowednik 
haben wir in 2000 2300 m Ilòhe seit 1971 auch mehrere Jahre hindurch diese 

Pflanzenart eingesainmelt und ilire Zwiebel im Botanischen Garten der 
EoTVÒs-LoRÀND-Universitàt zu Budapest weitergeziichtet. Diese Pflanzen 
weichen jedoch von dem in den europàischen Gàrten kultivierten und wohl- 
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Abb. 1. Allium karataviense Rgl. var. granitovii Priszter (ad nat. delin. A. Bucsi) 


bekannten zweiblàttrigen Typ darin ab, dass sie lediglieli ein einziges, gut 
entwickeltes Blatt hervorgebracht haben. Nicht nur die gepressten Exeniplare 
aus dem Tienschan, sondern auch die in Blumentopfen untergebrachten waren 
jàhrlich zurùckkehrend einblàttrig. (Und zwar nicht die unentwickelten Jung- 
,>fi anzen, sondern die bliihenden Individuen.) 

Pflanzenarten mit einem einzigen Blatt kommen ziemlich selten vor. 
In der Familie der Liliaceae gibt es jedoch mehrere Beispiele hierfiir. So brin- 
gen z. B. ein einziges Laubblatt — fast stàndig — die in Portugal heimischen 
Ornithogalum unifolium (L.) Ker-Gawl. und Scilla monophyllos Link, Muscari 
latifolium J. Kirk aus Kleinasien oder Allium unifolium Kellogg hervor. Audi 
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unter den mittelasiatischen Allium- Arten gibt es mehere einblàttrige, wie z. B. 
A. monophyllum Yved., A. sergii Yved., A. eugenii Yved. oder A . alexeianum 
Rgl. 

Aufgrund des Gesagten halten wir die im westlichen Tienschan gesam- 
melte einblàttrige Allium harataviense fiir eine neue Yarietàt (cf. Priszter in 
Bot. Kòzlem. 1974 p. 59) und benennen sie zn Ehren des Professors der Botanik 
an der Universitàt zu Taschkent als var. granitovii (Abb. 1). Dieselbe Yarietàt 
fanden wir auch im Herbar des leningrader KoMAROW-Jnstitutes. 


Allium karataviense Rgl. var. granitovii Priszter, var. nova 

A typo — florendi tempore — folio unico (30—40 cm longo et 6—8 cm lato) bene 
differt. Habitat in rupestribus Tien-Schan Occidentalis, territorio protectionis naturae Tschat- 
kalskij Zapovednik dicto, 2000—2300 m.s.m. Specimen descriptum in herb. Horti Botanici 
Universitatis Budapestiensis conservatur. Legit I. Isépy, 5, 5. 1971. Ad honorem professoris 
Universitatis Taschkent I. I. Granitov denominatum. 

Exemplum alterum in monte Ak-Tasch ab I. G. Levitschev et L. S. 
Krasovskaja 25. 5. 1975 lectum in herbario laboratorii stationis Tschatkalskij 
Zapovednik vidi. Specimina exsiccata in Herbario Academiae Scientiarum 
Instituti Y. L. Komarov (Leningrad) visa: 

1. Margilan prope Fergana; leg. N. Dessiatoff, 1913; 

2. Schachimardan, Alajskij Hrebet; leg. Y. Drobov, 1916; 

3. ad rivum Kara Artscha, Kirgizskij Hrebet; leg. R. Kamelin, 1969. 

2. Sedum alberti Rgl. 

In Mittelasien ist die von Regel beschriebene Art Sedum alberti ziemlicli 
verbreitet. Auch im umfangreichen Herbarium der Universitàt zu Taschkent 
enthàlt aus dem Tienschan von dieser Art eine sehr reiche Kollektion. Trotz- 
dem ist diese Art in der Fachliteratur ziemlich konfundiert und in der euro- 
pàischen Kultur fast unbekannt. Meine eigenen Erfahrungen haben mieli schon 
seit Jahren davon ùberzeugt, dass diese Art auch in Mitteleuropa leicht geziich- 
tet werden kann. 

Es gibt nur wenige weissblùtige perennierende Sedum-Arten (die meisten 
haben nàmlich gelbe Bliiten). Der Grossteil der weissbliitigen Sedums gehòren 
zu S. album L. agg., wie z. B. S. athoum DC., S. micranthum Bast., S. balticum 
Hartm., S. clusianum Guss., S. serpentini Janch., S. brevifolium DC. (Abb. 2. c) 
oder S. gypsicolum Boiss. et Reut. (Abb. 2. b). Alle diese Taxa sind durch 
die stumpfe Blattspitze charakterisiert. Das kaukasische und kleinasiatische 
S. subulatum (C. A. M.) Boiss. (syn.: S . acutifolium Ledeb.; Abb. 2. e) àhnelt 
sich der Art S. a/òum, hat jedoch zugespitzte Blàtter. Die bisher erwàhnten 
Taxa sind alle von mittlerem Wuchs und der Grund ihrer Blàtter ist nicht 
spornfòrmig. Yon diesen weicht die niedrige (5—6 cm), dichtrasige Art S . 
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Abb. 2. Laubblàtter einiger weissbliihender Sedurli- Arten. (Zeichnungen von A. Priszter) 
a: Sedum album L.; b: S. gypsicolum Boi?s. et Reut.; c: S. brevifolium DC.: d: S. alberti Rgl.; 
e: S. subulatum (C. A. M.) Boiss.; f: 8 . gracile C. A. M. 
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gracile C. A. M. (Abb. 2. f) ab, deren diinne Blàtter an der Basis vielen 
anderen, jedoch gelbbliitigen Sedurti- Arten àhnlich — einen winzigen Sporn 
tragen, der sich dem Stengel anschmiegt. Eine solche sporntragende, weiss- 
bliitige mittelasiatische Art stellt auch S. alberti Rgl. dar (Abb. 2. d), jedoch 
ist diese viel gròsser (10 15 cm) als S. gracile , und die Blattspitze ist ebenso 

abgerundet wie die bei S . album (Abb. 2. a). Dem Habitus nach erinnert auch 
S. alberti an S. album , jedoch weicht sie von dieser letzteren vor allem durch 
den Sporn der Blàtter, ferner durch ihre geographische Isolation ab. 

Zu der Beschreibung von S. alberti in Gartenflora (1880) fiigte Regel 
auch eine gute Abbildung bei. Es ist iiberraschend, dass der hervorragende 
Sedum- und Sempervivum- Monograph L. Praeger diese REGELsche Pflanze 
vollig verkannt liat. Praeger brachte nàmlich unter dem Namen S. alberti 
(1921 p. 191) eine mit der Art S. gracile fast vollig ubereinstiminende Pflanzen- 
zeichnung, mit der Bemerkung, dass “thè plant illustrated in Gartenflora 
(tab. 1019, fig. 2) as S. alberti is a totally different thing”. Diese Bemerkung 
stimmt an sich zwar vollig, doch war gerade Praeger derjenige, der die 
Pflanze von Regel mit S. gracile verwechselte, so wie darauf bereits Komarov 
(1939), Berger (1932) und Froderstròm (1932) gleichfalls hingewiesen 
hatten. Letzterer versali die in Kirgisien zuerst von Schrenk gesammelte und 
als Umbilicus affinis beschriebene Pflanze mit einem neuen Namen ( Sedum 
schrenkii Fròd.), was jedoch uberfliissig war. 

Die Synonymik der im Tienschan hàufig vorkommenden Art S. alberti 
Rgl. ist also die folgende: 

Umbilicus affinis Schrenk ex Fisch. et Mey. 1841 

Sedum alberti Regel 1879, non Praeger 1921 (Quod est: S. gracile C. A. M.) 

Cotyledon affinis (Schrenk) Maxim. 1883 

Sedum affine (Schrenk) Hamet 1929, non Boreau 1866 (Quod est: 

S. telephium L. ssp. complanatum Gilib. var. buxicolum R. et C.) 

Pseudosedum affine (Schrenk) Berger 1930 

Sedum schrenkii Froderstròm 1932. 


3. Sedum ewersii Ledeb. var. liomophyllum Praeg. 

S . ewersii ist eine in Mittelasien weitverbreitete Art, die auch in den 
Gàrten Mitteleuropas wohlbekannt ist, da sie wegen ihrer schònen Bliiten, 
ihres niedrigen Wuchses von jeher eine beliebte Steingartenpflanze ist. Aus 
ihrem Formenkreis war uns bislier nur soviel bekannt, dass Praeger (1921 p. 
96 99) aus einer Gartenkultur ihre kleinblàttrige Zwergform unter dem Namen 

var. homophyllum Praeg. beschrieben und dargestellt hat. Der Beschreibung 
nach ist diese Varietàt nur 5 — 8 cm hoch, die sterilen Triebe sind kaum kleiner 
als die fertilen, die Internodien sind kurz (0,3 0,5 cm), die Blàtter nicht 
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Abb. 3. Sedum ewersii Ledeb. var. homophyllum Praeg. (ad nat. deliri. A. Bucsi) 


stengelumfassend, sondern am Grande keilfòrmig, ihr Rand ist ròtlich, ihre 
Lànge betràgt 1,3 1,8, ihre Breite 0,8 1,3 cm. Der Bliitenstand ist dicht und 

klein (Abb. 3). Demgegeniiber betràgt die Lànge der fertilen Triebe des Typs 
15 30 cm, die der Internodien 2 — 2,5 cm, ihre Blàtter sind ovai, am Grande 

herzfòrmig und bedeutend stengelumfassend, 2 3 cm lang und 2 cm breit, 

der Bliitenstand ist locker und gròsser (Abb. 4). 

Im Herbarium von Taschkent fiir die Freundlichkeit der Kollegen 
T. A. Adilov und M. M. Nabiev aucli an dieser Stelle dankend fand ich 
zwischen den Exemplaren der Art S . eiversii in ziemlich grosser Menge die 
var. homophyllum vor. Dieselbe sah ich auch im Herbarium von Leningrad. 
So war einerseits die Behauptung (Froderstrom 1930 p. 60) widerlegt, dass 
die var. homophyllum Praeger nur eine in Gàrten vorkommende Yarietàt ist, 
da ja sie auch wild vielerorts vorkommt, andrerseits bereicherte sich die 
mittelasiatische Flora mit einem neuen Taxon. Die Synonymik des Typs und 
der Yarietàt sowie ihre Yerhreitung ist die folgende: 

S. ewersii Ledeb. (Syn.: S. altaicum Steph.) 

var. ewersii: Westlicher Himalaja, Aitai, Mittlerer und Westlicher 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 





Uber einige pflanzen des westlichen TIENSCHAN I. 


383 



Abb. 4. Sedum euersii Ledeb. var. ewersii (ad nat. deliri. A. Bucsi) 


11 * 


Acta Botanica Acadcmiae Scientiarum Hungaricae 21, 1975 



384 


PRISZTER, SZ. 



Abb. 5. Sedimi eiversii Ledeb. var. cyclophyllum Priszter (ad nat. delio. A. Blesi) 
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Tienschan, Tibet, Dschungarei, Westmongolei, Pamir-Alai, Kir- 
gisien; 

var. homophyllum Praeg. (syn.: var. turkestanicum hort., S. cyane- 
um hort., non Rudolph): Ostkazachstan (z. B. Ustj-Kamenogorsk, 
Tarbagataj, Dschungarskij-Alatau), Ostkirgisien (Przewalsk, 
Talas); Ostusbekistan (Andischan, Fergana); Tadschikistan (Kara- 
Kul, Ostpamir). 

4. Sedimi ewersii Ledeb. var. cyclophyllum Priszter 

Im Botanischen Garten der usbekischen Akademie der Wissenschaften 
zu Taschkent — und seit 1972 auch im Botanischen Garten der Budapester 
Universitàt wird aus dem Tienschan stammendes solches S. aver sii kulti- 
viert, das sich mit der Blattfarbe, vor allem mit der besonderen Blattform 
hervorhebt: seine Stengelblàtter sind kiirzer als die des Typs, sind nicht 
ovai, sondern beinahe kreisformig, ihre Farbe ist nicht blàulichgriin, sondern 
gelblichgriin, ihr Rand rotlich (Al)b. 5). Diese, im Yergleich zu dem Typ etwas 
niedrigere Pflanze mit konstant abweichender Blattform sondern wir als eine 
neue Varietàt ab: 


Sedimi ewersii Ledeb. var. cyclophyllum Priszter, var. nova 

A typo (var. ewersii) foliis rotundis, brevioribus flavovirentibusque differt. Folia cau- 
lis rnedii 2—2,5 cm longa et lata, amplexicaulia, flavoviridia, margine rubro cincta. Ha- 
bitu typo paruin humilior (12 15 cm). Crescit in Tien-Schan Occidentali. Specimen de¬ 

scriptum anno 1971 ex horto botanico Academiae Scientiarum, Taschkent orta — in herbario 
Horti Botanici Universitatis Budapestinensis conservatur. Legit Sz. Priszter 18. 5. 1973. 

Specimina exsiccata in Herbario Academiae Scientiarum instituti Y. L. 
Komarov (Leningrad) visa: 

1. Turkestania, Aslam Bob; leg. S. Korshinsky, 1895; 

2. Fergana; leg. D. Litvitvov, 1895; 

3. Kazahstan: Aulie Atinskij ujezd, Alexandrovskij Hrebet; leg. 1.1. Granitov, 
1927. 
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An Identification key for 414 “species” of Streptomyces and Streptoverticillium 
included in thè ISP is presented. This dichotomous key is based on thè partly modified 
methods and criteria of ISP. The key may help streptomycetologists to select, from 
among authentic named organisms of culture collections, type or reference strains for 
simultaneous morphological-cultural and physiological comparisons with closely related 
unidentified cultures, which is thè most expedient method for sufficiently narrow 
taxonomic identifications. 


There is no doubt that in thè present “fluid” state of actinomycete 
taxonomy thè simultaneous comparison of an unknown strain with authentic 
named cultures of closely related species, on thè basis of as many features as 
possible, is thè most expedient method for a sufficiently narrow taxonomic 
identification. In 1963 Szabo and Marton made thè first attempt at elaborat- 
ing a diagnostic key based exclusively upon thè data of authentic named 
cultures of species of Streptomyces to facilitate thè selection of relatively few, 
suitable authentic strains for simultaneous comparisons and identification 
with unknown strains. Using thè information acquired from thè ISP study, 
Arai and Mirami (1969) published an identification key for antifungal anti- 
biotic producing streptomycetes. In 1972 KÙster presented a simple diag¬ 
nostic key for thè classification and identification of 274 named species in¬ 
cluded in thè ISP. 

It must be kept in mind, however, when using these identification keys 
and evaluating thè results of simultaneous comparisons between known and 
unknown strains that there exists a wide range of variation within thè individ¬ 
uai species. Although type strains can considerably help us in identifying 
unknown cultures, thè population species concept advocated by Cowan (1970) 
seems to be more realistic in thè taxonomy of streptomycetes than thè type 
species concept traditionally used for describing bacterial species (cf. also 
Szabó and Marton, 1962; 1964a; 1964b; Flockton and Cross, 1975). 
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Another problem is thè availability of these keys for identification 
purposes. A new criticai evaluation of criteria and procedures used in thè 
characterization of type cultures has revealed that thè ISP methods for report- 
ing spore mass color, reverse color, and spore chain morphology need improve- 
ment (SzabÓ and Marton, 1976). E.g., according to thè data given in thè 
ISP descriptions (Shirling and Gottlieb, 1968a; 1968b; 1969; 1972) from 
among thè 426 classified strains 232 (54%) fall within thè range delineated 
by one wheel of thè Tresner Backus color wheels, while 194 strains (46%) 
fall into 2, 3 or even 4 different color series, respcctively. Conseqnently, when 
preparing dichotomous keys for identification purposes, it is rather difficult 
to divide streptomycetes into large groups or subdivisions on tlie basis of 
their aerial mass color determined by using thè Tresner Backus System. 
On thè otlier liand, a precise spore mass color identification is, quite often, 
very difficult oving to interferences from thè colored substrate mycelium 
and to thè dependence of thè aerial mass color on thè thickness and density 
of thè spore mass. A reevaluation of data given in thè ISP descriptions 
has also indicated that thè morphological category of Retinaculiaperti cannot 
be considered as a distinguishing character which may he used for preparing 
dichotomous keys (cf. also tlie 8th edition of thè Bergey’s Manual, 1975). 
The large number of tests yielding doubtful results in carbon utilization ex- 
periments can also considerably hinder our efforts to construct keys working 
for all species included, consistently with thè same sequences of characters. 

The diagnostic key presented below is an attempt to use in e very single 
case such a combination of characters and their sequence which may provide 
thè relatively highest probability of a correct identification according to thè 
descriptive criteria used. 


Methods 

The first step in thè identification of new isolates or unidentified strains of Strepto- 
myces or Streptoverticillium is their description using thè minimum descriptive criteria (spore 
chain morphology, spore surface, color of aerial and substrate mycelia, color in medium, 
carbon utilization) and methods of ISP (Shirling and Gottlieb, 1966). The second step is 
thè approxiinative taxonomic identification of thè investigated and described strains using 
thè key presented in this paper. Finally, a simultaneous comparison of thè strains in question 
is necessary with thè type or reference strain (or strains) of that (orthose) species which shows 
thè highest similarity to them on thè basis of thè minimum descriptive criteria. Type cultures 
are available in international culture collections. 

Analysing, however, thè ISP descriptions it was found that some methods of thè ISP 
needed improvement. For thè separation of strains according to their substrate mycelium 
color a new more complete System of color groups offered by us (SzabÓ and Marton, 1976) 
was already used in thè preparation of thè presented key: 

A) Types (color groups) of pigmentation of thè substrate mycelium 

1. Yellow-brown (Y-b): The color of thè mycelium exhibits different hues of yellow and 
brown in all diagnostic culture media and in all periods of growth; these “yellow- 
brown” colors may be shaded by gray in all degrees, from almost colorless light gray 
through dirty white to black. 


Acta Botanica Acadcmine Scientiarum Hungaricae 21, 1975 


A DIAGNOSTIC KEY OF “SPECIES” OF STREPTOMYCES AND STREPTOVERTICILLIUM 


389 


2. Y-b red: On at least one (liagnostic culture medium and in a certain period of growth, 
thè mycelium produces red or pink endopigments to such an extent that both thè 
yellow-brown ground color and thè gray shade are entirely obscured and thè mycelium 
becomes red. The red endopigments are not pH sensitive or they may change, in thè 
case of a few strains, from red or pink to thè yellow-brown ground color either with 
thè addition of 0.05 N HC1 or, more rarely. with thè addition of 0.05 N NaOH (Y-b — red). 

3. Y-b -f blue: Similar to No. 2 above, except that thè endopigment is blue. This pig- 
ment is not a pH indicator. 

4. Y-b blue — red: Similar to No. 2 above, except that thè reverse mycelium pigment 

is a pH indicator changing from blue or blue-violet to red-violet or red. 

5. Y-b -f- blue — green: Similar to No. 2 above, except that thè reverse mycelium pigment 

is a pH indicator changing from blue, grayish purple or violet to green or deep green. 

6. Y-b -f green: Similar to No. 2 above, except that thè reverse mycelium pigment is 

green. This endopigment is not a pH indicator or, very rarely, Y-b--green. 

7. Y-b -j- green — red: Similar to No. 2 above, except that thè rererse mycelium pigment 
is a pH indicator changing from green, olive, bluish green or grayish olive to red, pink, 
reddish or purplish brown. 

8. Y-b + red -f- green: Two different, a red and a green, distinctive pigments can cause 
colorization in thè substrate mycelium depending on thè composition of thè diagnostic 
medium employed. Neither of them is a pH indicator. 

9. Y-b -f- red -(- blue: Similar to No. 8 above, except that thè yellow-brown ground color 
of thè substrate mycelium may be modified to red and/or to blue on thè diagnostic 
media. These pigments are not pH sensitive. 

10. Y-b -f blue -f- green: Similar to No. 8 above, except that thè color of substrate 
mycelium may be modified to blue and/or to green on thè diagnostic media. These 
pigments are not pH sensitive. 

11. Y-b + green -f- blue — red: Similar to No. 8 above, except that thè color of thè sub¬ 
strate mycelium may be modified to green and/or to red, violet or blue depending 
on thè composition and pii of thè media. The green pigment is not pH sensitive. 

B) Morphological sections used in thè key 

1. Rectiflexibiles (Rectus-flexibilis) 

Straight to flexuous spore chains 

2. Spirals (Spira) 

Spirai spore chains: short, gnarled, or compact spirals; extended, long and open spirals; 
open loops, hooks or primitive spirals of wide diameter. 

3. Verticillus-Rectus-flexibilis 
Verticillate, straight to flexuous 

4. Verticillus-Spira 
Verticillate, spirals 


The identification key 

The dichotomous key presented below is constructed for thè classifica- 
tion and identification of 414 nained taxa included in thè ISP and based 
on thè ISP descript ions of type or reference strains. In consequence of thè great 
number of doubtful results in carbon utilization tests and/or forlackof certain 
morphological or cultural diagnostic features thè type strains of 43 “species” are 
not included in thè key. The nomenclature, regarding thè generic names and 
specific epithets, is identical with that of thè ISP descriptions. Abbreviations 
used: Act. = Actinoinyces; St. = Streptomyces; Stv. — Streptoverticillium. 

Certain species included in thè key are designated with an asterisk. 
It indicates that when studying thè type or reference strains of these species 
thè opinions of ISP workers differed concerning their one or two diagnostic 
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features which were, however, used by us in constructing thè key for their 
Identification. Consequently, thè position of these species or, more exactly, 
that of their type strains in thè key is questionable to a certain extent. 

Two or more very similar or even identical type or reference strains de- 
signated with different specific epithets may be considered as a “distinct 
group”. The individuai groups were named mostly with thè specific epitliet 
of thè oldest known species belonging to thè group in question. Presumedly 
thè members of thè same group are representatives of a true species. 

1. a. Verticil formation; spore surface smooth or smooth and/or warty 2 
b. No verticils produced; spore surface smooth, smooth and/or warty, 

spiny or hairy . 28 

2. a. Sporophores in spirals . 3 

b. Sporophores straight or wavy . 5 

3. a. D-Glucose, L-arabinose, D-xylose, D-fructose, rhamnose, sucrose, 

raffinose, i-inositol, and D-mannitol are all utilized for growth 

St. pallidus Reusser. ISP 5531 
b. No growth with L-arabinose, sucrose, D-xylose, D-mannitol, rham¬ 
nose and raffinose . 4 

4. a. Mature spore chains generally 10 to 20 spores per chain 

Slv. netropsis(Finlay, Hochstein, Sobin, and Murphy) 
Baldacci, Farina, and Locci. ISP 5259 
b. Mature spore chains generally 10 to 50 spores per chain 

St. flavopersicus Oliver, Goldstein, Bower, Holper, 


and Otto. ISP 5093 

5. a. Color of substrate mycelium: Y-b -f blue red 

Act. biverticillatus Preobrazhenskaya. ISP 5272 
b. Color of substrate mycelium different . 6 

6. a. Color of substrate mycelium: Y-b . 7 

b. Color of substrate mycelium: Y-b + red. 22 

7. a. Melanoid pigments are not produced in peptone-yeast-iron agar 8 

b. Melanoid pigments are produced in peptone-yeast-iron agar . . 13 

8. a. Poor growth on all carbon sources including D-glucose 


Stv. cinnanioneum (Benedict, Dvonch, Shotwell, 
Pridham, and Lindenfelser) Baldacci, Farina, and 

Locci. ISP 5005 

b. D-Glucose is utilized for growth . 9 

9. a. No growth on i-inositol 

Stv. orinoci Cassinelli, Grein, Orezzi, Pennella, and 

Sanfilippo. ISP 5571 

b. i-Inositol is utilized for growth . 10 

10. a. Sporulating aerial mycelium red or reddish 
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St. hacliijoensis Yamaguchi. ISP 5114 
b. Sporulating aerial mycelium gray or yellow to greenish-yellow 11 

11. a. Yellowish to greenish yellow pigment in thè diagnostic media 

St. luteoreticuli Katoh and Arai. ISP 5509 
b. No pigment in thè diagnostic media . 12 

12. a. No growth or only trace of growth with raffinose 

St. aspergilloides Rao, Marsh, and Renn. ISP 5565 
b. Raffinose is utilized for growth 

St. nioro-okaensis Niida, Hamamoto, Tsuruoka, and 

Hara. ISP 5503 


13. a. Sporulating aerial mycelium without reddish sliade . 14 

b. Sporulating aerial mycelium red or reddish . 17 


14. a. Sporulating aerial mycelium white; melanoid pigments not formed in 

tyrosine agar 

Stv. olivoreticuli (Arai, Nakada, and Suzuki) Baldacci, 

Farina, and Locci. ISP 5105 
b. Sporulating aerial mycelium gray, green or yellow . 15 

15. a. L-Arabinose is utilized for growth 

St. blastmyceticus Watanabe, Tanaka, Fukuhara, 
Miyairi, Yonehara, and Umezawa. ISP 5029; 
St. caespitosus* Sugawara and Hata. ISP 5603 
b. No growth or only trace of growth on L-arabinose . 16 

16. a. Melanoid pigments formed in tyrosine agar 

St. albireticuli Nakazawa. ISP 5051; St. paucisporogenes* 
Hagemann, Nomine, and Penasse. ISP 5315 
b. No soluble brown pigment in tyrosine agar 

Stv. eurocidicum (Okami, Utahara, Nakamura, and 
Umezawa) Locci, Baldacci, and Petrolini Baldan. 

ISP 5604 


17. a. Melanoid pigments formed in tyrosine agar . 18 

b. No soluble brown pigment in tyrosine agar. 19 

18. a. Sucrose is utilized for growth 


St. kishiwadensis* Shinobu and Kayamura. ISP 

5397 

b. No growth with sucrose 

St. luteoverticillatus Shinobu. ISP 5038 
St. ehimensis Nakazawa. ISP 5253 

19. a. Sucrose is utilized for growth 

St. mashuensis Sawazaki, Suzuki, Nakamura, Kawasaki, 
Yamashita, Isono, Anzai, Serizawa, and Sekiyama. 

ISP 5221 

b. No growth with sucrose . 20 
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20. a. D-Mannitol is utilized for growth 

Stv. rubrireticuli (Waksman and Henrici) Baldacci. 

ISP 5464 

b. No growth with D-mannitol . 21 

21. a. Spore chains are generally short containing 3 to 10 or more spores 

per chain (Septatum group) 

St. tropicalensis Gupta. ISP 5520; Stv. septatum 
Locci, Baldacci, and Petrolini Baldan. ISP 5577 
b. Spore chains moderately long with 10—50 spores per chain 

Stv. kentuchense (Barr and Carman) Baldacci, Farina, 

and Locci. ISP 5052 

22. a. Melanoid pigments are produced in peptone-yeast-iron agar . . 24 
b. Melanoid pigments are not produced in peptone-yeast-iron agar 23 

23. a. No growth with i-inositol 

Stv. ladakanus Hanka, Evans, Mason, and Dietz. 

ISP 5587 

b. i-Inositol is utilized for growth 

Stv. griseoverticillatum (Shinohu and Shimada) Locci, 
Baldacci, and Petrolini Baldan. ISP 5507 


24. a. D-Fructose is utilized for growth . 25 

b. No growth with D-fructose . 26 


25. a. Yellow or red, not pH sensitive soluble pigment in yeast-malt and 

oatmeal agar Act. rectivertieillatus Krasil’nikov and Yuan. ISP 
5436; Stv. roseoverticillatum* (Shinohu) Farina and 

Locci. ISP 5039 

b. Pigments other than melanoids not formed 

Stv. liiroshimense (Shinohu) Farina and Locci. ISP 

5037 

26. a. Melanoid pigments not produced in tyrosine agar 

Act. aureoversales Yuan. ISP 5387 
b. Melanoid pigments formed in tyrosine agar . 27 

27. a. Red pigment in thè diagnostic media is pH sensitive changing from 

brown to reddish brown with addition of 0.05 iV NaOH and from 
brown to yellowish brown with 0.05 N HC1 

St. lilacinus Nakazawa, Tanabe, Shibata, Miyake, and 

Takewaka. ISP 5254 

b. Yellow to orange or reddish pigment in thè media not pH sensitive 
Stv. kashmirense (Gupta and Chopra) Locci, Baldacci, 

and Petrolini Baldan. ISP 5336 

28. a. Sporophores straight to flexucus . 29 

b. Sorophores form long or short, loose or compact and open or closed 
spirals or hooks and loops .102 
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29. a. Pigmentation of thè substrate mycelium: No distinctive pigments on 


thè diagnostic media (Y-b) . 30 

b. Y-h is modified by distinctive pigments . 85 

30. a. Melanoid pigments not produced in peptone-yeast-iron agar . . 31 

b. Melanoid pigments formed in peptone-yeast-iron agar. 63 

31. a. Melanoid pigments formed in tyrosine agar . 32 

b. Melanoid pigments not produced in tyrosine agar . 33 

32. a. L-Arabinose is utilized for growtb 


Act. badius Kudrina. ISP 5139 

b. No growth with L-arabinose 

St. griseus (Krainsky) Waksman and Henrici. ISP 
5236; St. ornatus Calot and Cercós. ISP 5307 

33. a. Spores spiny (Sometimes a few primitive spirals may also be seen; 

cf. 127. a.) 

St. macrosporeus Ettlinger, Corbaz, and Hùtter. ISP 

5096 

b. Spores smooth or smooth and/or warty . 34 

34. a. Sporulating aerial mycelium red or reddish on certain media 35 

b. Aerial mycelium not red or reddish . 44 

35. a. i-Inositol is utilized for growth 

St. capreolus Higgens. ISP 5225 
b. No growth with i-inositol . 36 

36. a. D-Mannitol is utilized for growth . 37 

b. No growth with D-mannitol . 40 

37. a. Sucrose is utilized for growth 

St. somaliensis (Brumpt) Waksman and Henrici. 

ISP 5267 


b. No growth with sucrose . 38 

38. a. Rhamnose is utilized for growth. 39 

b. No growth with rhamnose 


St. sindenensis Nakazawa and Fujii. ISP 5255 

39. a. Mature spore chains moderately short with 3 to 10, or sometimes 

more than 10, spores per chain 

St. pluricolorescens Okami and Umezawa. ISP 5019 
b. Mature spore chains contain 10 to 50 or more spores per chain 

Act. rubiginosohelvoliis Kudrina. ISP 5176 

40. a. Raffinose is utilized for growth 

St. exfoliatus (Waksman and Curtis) Waksman and 

Henrici. ISP 5060 


b. No growth with raffinose . 41 

41. a. L-Arabinose is utilized for growth . 42 

b. No growth with L-arabinose . 43 
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42. a. 
b. 


43. a. 


b. 


44. a. 
b. 

45. a. 
b. 

46. a. 
b. 

47. a. 


b. 

48. a. 


b. 

49. a. 
b. 

50. a. 
b. 

51 • a. 
b. 

52. a. 


Sucrose is utilized for growth 

St. filamentosus Okami and Umezawa. ISP 5022 
No growth with sucrose (Roseolus group) 

St. roseosporus Falcào de Morais and Dàlia Maia. 
ISP 5122; Act. roseolus Preobrazhenskaya and 

Sveshnikova. ISP 5174 
Mature spore chains short with 3 to 10, or sometimes more than 10, 
spores per chain 

St. roseus (Krainsky) Pridham, Hesseltine, and 

Benedict. ISP 5076 

Mature spore chains generally long and flexuous with 10 to 50 or 
often more than 50 spores per chain 

St. termitum Duché, Heim, and Lavoureur. ISP 
5329; St. salmonicida Rucker. ISP 5472 

No growth with rhamnose . 45 

Rhamnose is utilized for growth. 53 

No growth with D-mannitol . 46 

Mannitol is utilized for growth . 48 

Sucrose is utilized for growth 

St. avellaneus Baldacci and Grein. ISP 5554 

No growth with sucrose . 47 

D-Xylose is utilized for growth 

St. aburaviensis Nishimura, Kimura, Tawara, Sasaki, 

etc. ISP 5033 


No growth with D-xylose 

St. galtieri Goret and Joubert. ISP 5350 
i-Inositol is utilized for growth 

St. alboniger* Porter, Hewitt, Hesseltine, Krupka, 
Lowery, Wallace, Bohonos, and Williams. ISP 5043 

No growth with i-inositol . 49 

Raffinose is utilized for growth 

St. kanamyceticus Okami and Umezawa. ISP 5500 

No growth with raffinose . 50 

No growth with L-arabinose 

Act. streptomycini Krasil’nikov. ISP 5200 

L-Arabinose is utilized for growth . 51 

Sucrose is utilized for growth 

St. odorifer (Rullmann) Waksman. ISP 5347 

No growth with sucrose . 52 

Short spore chains containing generally 3 to 10 spores per chain 

St. albidoflavus (Rossi-Doria) Waksman and Henrici. 

ISP 5455; St. tetanusemus (author?). ISP 5585 
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b. Long spore chains containing 10 to 50 or more spores per chain (Aerial 
mycelium yellow, greenish-yellow or yellowish-gray) (Ochroleucus 
group) Si. canescens* Hickey, Corum, Hidy, Cohen, Nager, 

and Kropp. ISP 5001; St. coriofaciens (Schmidt- 
Thomé, Steigler, Fries, and Weidenmuller. ISP 
5485; St. felleus Lindenbein. ISP 5130; St. inter- 
medius (Kriiger emend. Wollenweber) Waksman. 
ISP 5372; St. krainskii* (Duché) Pridham, Hessel- 
tine, and Benedict. ISP 5321; Act. levoris Nikitina. 
ISP 5202; St. limosus Lindenbein. ISP 5131; Act. 
ochroleucus Neukirch. ISP 5591; St. sampsonii 
(Millard and Burr) Waksman. ISP 5394 


53. a. No growth with L-arabinose . 54 

b. L-Arabinose is utilized for growth . 57 

54. a. D-Mannitol is utilized for growth . 55 

b. No growth with D-mannitol . 56 

55. a. 3 to 10 spores or more per chain 


Act. cretaceus (Kriiger) Krasil’nikov. ISP 5561 
b. 10 to 50 spores or more per chain 

St. lipmanii (Waksman and Curtis) Waksman and 
Henrici. ISP 5070; St. acidoresistans.* ISP 5540 

56. a. No growth with sucrose 

St. omiyaensis Umezawa and Okami. ISP 5552 
b. Sucrose is utilized for growth 

St. gelaticus (Waksman) Waksman and Henrici. 

ISP 5065 


57. a. Sporulating aerial mycelium blue — at least in sectors — on salts- 

starch agar St. orientalis Pittenger and Brigham. ISP 5040 

b. Sporulating aerial mycelium never blue . 58 

58. a. Sucrose is utilized for growth . 60 

b. No growth with sucrose . 59 

59. a. No growth with D-mannitol 


St. nitrosporeus Okami. ISP 5023; St. hydrogenans 
Lindner, Junk, Nesemann, and Schmidt-Thomé. 

ISP 5586 

b. D-Mannitol is utilized for growth; aerial mycelium white, yellow, 
yellowish-green, yellowish gray or gray (Parvus group) 

Act. albovinaceus Kudrina. ISP 5136; St. alboviridis* 
(Duché) Pridham, Hesseltine, and Benedict. 
ISP 5326; Act. candidus Krasil’nikov. ISP 5141; St. 
chrysomallus Lindenbein. ISP 5128; Act. citreo- 
fluorescens Korenyako, Krasil’nikov, Nikitina, and 
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Sokolova. ISP 5265; St. flavogriseus (Duché) 
Waksman. ISP 5323; Act. fluorescens Korenyako, 
Krasil’nikov, Nikitina, and Sokolova. ISP 5203; Act. 
globisporus Krasil’nikov. ISP 5199; St. griseinus 
Waksman. ISP 5047; St. luteoliitescens (Yen) 
Pridham. ISP 5600; St. nigrifaciens Waksman. ISP 
5071; St. parvus (Krainsky) Waksman and Henrici. 
ISP 5348; St. saprophyticus* nom. dub. ISP 5537; 
St. setonii (Millard and Burr) Waksman. ISP 5395; 
Act. vulgaris Nikitina, Korenyako, and Krasil’nikov. 
ISP 5201; St. willmorei (Erikson) Waksman and 

Henrici. ISP 5459 


60. a. No growth with i-inositol . 61 

b. i-Inositol is utilized for growth . 62 


61. a. Mature spore chains short with 3 to 10, or sometimes more than 10, 

spores per chain 

St. griseolus* (Waksman) Waksman and Henrici. 

ISP 5067 

b. Spore chains longer (10 to 50 or more spores) 

St. albidus* (Duché) Waksman. ISP 5320; Act. 
oligocarbophilus* (Beijerinck and van Delden) 
Lantzsch. ISP 5589; St. microflavus* (Krainsky) 
Waksman and Henrici. ISP 5331 

62. a. Sporulating aerial mycelium gray 

Act. atroolivaceus* Preobrazhenskaya, Blinov, and 
Ryabova. ISP 5137; St. alni* (Woronin) Fiuczek. 
ISP 5557; St. viridogenes* Waksman. ISP 5454 
b. Sporulating aerial mycelium white, yellow, yellowish- to greenish- 
gray to greenish-yellow; no growth with raffinose (Cellulosae group) 
St. autotrophicus Takamiya and Tubaki. ISP 5011; 
St. baarnensis (Duché) Pridham, Hesseltine, and 
Benedict. ISP 5232; St. cellulosae (Krainsky) 
Waksman and Henrici. ISP 5362; Act. griseoloalbus 

Kudrina. ISP 5468 

63. a. Sporulating aerial mycelium red or reddish at least on certain 


media . 64 

b. Sporulating aerial mycelium not red or reddish . 68 


64. a. i-Inositol is utilized for growth (Phaeochromogenes group) 

St. lincolnensis Mason, Dietz, and De Boer. ISP 
5355; St. phaeochromogenes (Conn) Waksman. ISP 
5073; St. roseogriseus Routien. ISP 5488; Act. 

umbrinus Sveshnikova. ISP 5278 
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b. No growth with i-inositol . 65 

65. a. D-Xylose is utilized for growth . 66 

b. No growth with D-xylose . 67 


66. a. Sucrose is utilized for growth (A few spore chains may terminate 

in spirals) 

St. polychromogenus Hagemann, Penasse, and Teillon. 

ISP 5316 

b. No growth with sucrose 

Act. roseoviridis Preobrazhenskaya. ISP 5175 

67. a. No growth with D-fructose 

St. xanthophaeus Lindenbein. ISP 5134 
b. D-Fructose is utilized for growth 

St. subrutilus Arai and Kuroda. ISP 5445; Act. 
flavotricini Preobrazhenskaya and Sveshnikova. ISP 

5152 


68. a. No growth with D-mannitol . 69 

b. D-Mannitol is utilized for growth . 73 


69. a. Raffinose is utilized for growth (Gardneri group) 

St. gardneri (Waksman) Waksman. ISP 5064; 
St. ostreogriseus Whitfield et al. ISP 5511; 
St. xanthocidicus Asahi, Nagatsu, and Suzuki. ISP 5575 
b. No growth with raffinose . 70 

70. a. Rharnnose is utilized for growth (Flavochromogenes group) 

St. flavochromogenes (Krainsky) Waksman and 
Henrici. ISP 5541; St. venezuelae Ehrlich, Gottlieb, 
Burkholder, Anderson, and Pridham. ISP 5230 
b. No growth with rharnnose . 71 

71. a. No growth with D-fructose 

St. zaomyceticus Hinuma. ISP 5196; St. albolongus 
Tsukiura, Okanishi, Koshiyama, Ohmori, Miyaki, 

and Kawaguchi. ISP 5570 
b. D-Fructose is utilized for growth . 72 

72. a. Melanoid pigments not produced in tyrosine agar (Tanashiensis group) 

St. purpeofuscus Yamaguchi and Saburi. ISP 5283; 
St. tanashiensis Hata, Ohki, and Higuchi. ISP 5195 
b. Melanoid pigments formed in tyrosine agar 

St. showdoensis Nishimura, Mayama, Komatsu, 
Kato, Shimaoka, and Tanaka. ISP 5504 

73. a. Spore surface: Spiny (Some hooks or loops may he seen on yeast- 

malt agar or on oatmeal agar) 

St. thermophilus (Gilbert) Waksman and Henrici. 

ISP 5365 
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b. Spore surface: Smooth . 74 

74. a. Sporulating aerial mycelium gray . 75 

b. Sporulating aerial mycelium yellow, greenish-yellow to grayish- 

yellow . 80 

75. a. Melanoid pigments formed in tyrosine agar . 76 

b. Melanoid pigments not produced in tyrosine agar 

St. spadicis Bromer, Hoehn, and McGuire. ISP 5476 

76. a. D-Xylose is utilized for growth . 77 

b. No growth with D-xylose 

St. achromogenes Okami and Umezawa. ISP 5028 

77. a. D-Glucose, L-arabinose, D-xylose, D-fructose, rhamnose, sucrose, raf- 

finose, i-inositol, and D-mannitol are all utilized for growth 

St. actuosus Pinnert, Ninet, and Preud’homme. ISP 

5337 

b. No growth at least with one of thè diagnostic carbon sources 78 

78. a. No growth with i-inositol (Immature aerial mycelium brownish, 

while thè mature one dark gray) 

St. bikiniensis* Johnstone and Waksman. ISP 5581 
b. i-Inositol is utilized for growth . 79 

79. a. No growth on sucrose and raffinose 

St. antibioticus* (Waksman and Woodruff) Waksman 

and Henrici. ISP 5234 

b. No growth with rhamnose 

St. noboritoensis* Isono, Yamashita, Tomiyama, and 


Suzuki. ISP 5223. 

80. a. i-Inositol is utilized for growth . 83 

b. No growth with i-inositol . 81 

81. a. Rhamnose is utilized for growth 

Act. cyaneofuscatus Kudrina. ISP 5148 
b. No growth with rhamnose . 82 

82. a. L-Arabinose is utilized for growth 


St. cavourensis Giolitti. ISP 5300 
b. No growth with L-arabinose (Griseohrunneus group) 

St. bacillaris (Krasil’nikov) Pridham. ISP 5598; St. 
griseobrunneus (Waksman) Waksman. ISP 5066 

83. a. L-Arabinose is utilized for growth . 84 

b. No growth with L-arabinose 

St. michiganensis Corbaz, Ettlinger, Keller-Schierlein, 

and Zàhner. ISP 5015 

84. a. No growth with raffinose 

St. gougeroti* (Duché) Waksman and Henrici. ISP 

5324 
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b. Raffinose is utilized for growth 

Act. aureomonopodiales Krasil’nikov and Yuan. ISP 
5416; St. flavofungini Uri and Békési. ISP 5366; St. 
xanthochromogenus* Arishima, Sakamoto, and Sato. 

ISP 5111 

85. a. Color of substrate mycelium: Y-b + blue -«-► green 

St. caeruleus (Baldacci) Pridham, Hesseltine, and 

Benedici. ISP 5103 


b. Color of substrate mycelium different . 86 

86. a. Color of substrate mycelium: Y-b -f- red green 

St. herbaricolor Kawato and Shinobu. ISP 5123 
b. Color of substrate mycelium different . 87 

87. a. Color of substrate mycelium: Y-b + blue red . 88 

b. Color of substrate mycelium different . 89 


88. a. Melanoid pigments are produced in peptone-yeast-iron agar 

St. cinereoruber Corbaz, Ettlinger, Keller-Schierlein, 
and Zàhner. ISP 5012; St. indigoferus Shinobu and 
Kawato. ISP 5124; Act. violaceorectus Ryabova and 
Preobrazhenskaya. ISP 5279 

b. Melanoid pigments are not produced in peptone-yeast-iron agar 

St. ealifornicus (Waksman and Curtis) Waksman 
and Henrici. ISP 5058; St. puniceus Finlay and 

Sobin. ISP 5083 


89. a. Color of substrate mycelium: Y-b -f- red. 90 

b. Color of substrate mycelium: Y-b -f green . 98 

90. a. Mature spore chains generally 3 to 10 spores per chain. 91 

b. Spore chains 10 to 50 or more spores per chain . 92 


91. a. No growth with raffinose; L-arabinose is utilized for growth 

St. griseoluteus Umezawa, Hayano, Maeda, Ogata, 

and Okami. ISP 5392 

b. Raffinose utilized for growth; no growth with L-arabinose 

St. ramulosus Ettlinger, Gàumann, Hiitter, Keller- 
Schierlein, Kradolfer, Neipp, Prelog, and Zàhner. 

ISP 5100 

92. a. Melanoid pigments are produced in peptone-yeast-iron agar . . 93 
b. Melanoid pigments are not produced in peptone-yeast-iron agar 94 

93. a. Melanoid pigments not produced in tyrosine agar 

St. fulvissimus (Jensen) Waksman and Henrici. ISP 
5593; St. spectabilis Dietz. ISP 5512 
b. Melanoid pigments formed in tyrosine agar (Phaeopurpureus group) 
St. melanogenes Sugawara and Onuma. ISP 5192; 
St. phaeoviridis Shinobu. ISP 5285; St. phaeopurpureus 
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Shinobu. ISP 5125 

94. a. D-Glucose, L-arabinose, D-xylose, D-fructose, rhamnose, sucrose, raf- 

finose, i-inositol and D-mannitol are all utilized for growth 

St. moderatus Reusser. ISP 5529; Act. prunicolor* 
Ryabova and Preobrazhenskaya. ISP 5335 
b. Not all carbon sources are utilized. 95 

95. a. No growth with D-xylose St. misakiensis Nakamura. ISP 5222 

b. D-Xylose is utilized for growth . 96 

96. a. No growth with rhamnose 

St. vinaceus (Mayer, Crane, De Boer, Konopka, 
Marsh, and Eisman) Waksman. ISP 5257 
b. Rhamnose is utilized for growth . 97 

97. a. No growth with D-mannitol 

Act. roseofulvus Preobrazhenskaya. ISP 5172 
b. D-Mannitol is utilized for growth 

St. finiicarius (Duché) Waksman and Henrici. ISP 

5322 

98. a. No growth with D-xylose 

St. gedanensis (Scheele and Petruschky 1897 or 
Lohlein 1909) Waksman. ISP 5518 
b. D-Xylose is utilized for growth . 99 

99. a. Color of aerial mycelium: Yellow; no growth with rhamnose (Brown 

suhstrate mycelium pigment on oatmeal agar is pH sensitive chang- 
ing from brown to green witli addition of 0.05 N NaOH) 

St. coelicolor (Miiller) Kutzner and Waksman. ISP 

5233 

b. Color of aerial mycelium: Gray; rhamnose is utilized for growth 100 

100. a. No growth with D-fructose 

St. flavovirens (Waksman) Waksman and Henrici. 

ISP 5062 

b. D-Fructose is utilized for growth . 101 

101. a. Spore chains short with 3 to 10 spores per chain 

St. scabies (Thaxter) Waksman and Henrici. ISP 

5078 

b. Spore chains with 10 to 50 spores per chain 

Act. fulvoviridis Kuchaeva, Krasil’nikov, Skryabin, 

and Taptikova. ISP 5210 


102. a. Sp ore surface: Smooth or smooth and/or warty .157 

b. Spore surface spiny or hairy 1 .103 


1 Spiny or hairy spore surface may be combined with warty surface ornamentation 
or sometimes smooth spores may also occur among thè spiny or hairy ones. We do not con- 
sider these particular types or combinations of types as separate categories of surface orna¬ 
mentation available for species differentiation. 
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103. a. Spore surface: Spiny . 104 

b. Spore surface: Hairy (or hairy to spiny) . 143 

104. a. Color of substrate mycelium: Y-b . 105 

b. Color of substrate mycelium different . 129 

105. a. Melanoid pigments produced in peptone-yeast-iron agar. 106 

b. Melanoid pigments not produced in peptone-yeast-iron agar . . 118 

106. a. Melanoid pigments not produced in tyrosine agar . 107 

b. Melanoid pigments formed in tyrosine agar . Ili 


107. a. Sporulating aerial mycelium red or reddish at least on certain media 

(Janthinus group) 

Act. janthinus Artamonova and Krasil’nikov. ISP 
5206; St. tliermotolerans Pagano, Donovick, Dutcher, 

and Heuser. ISP 5227 

b. Sporulating aerial mycelium not red or reddish . 108 

108. a. Sporulating aerial mycelium blue or bluish at least on certain media 

(Chartreusis group) 

St. chartreusis Calhoun and Johnson. ISP 5085; Act. 

coerulescens* Preobrazhenskaya. ISP 5146 
b. Sporulating aerial mycelium not blue or bluish . 109 

109. a. Sporulating aerial mycelium gray 

Act. chroniofuscus Preobrazhenskaya, Ryabova, and 

Blinov. ISP 5273 

b. Sporulating aerial mycelium wliite, yellow to grayish-yellow . . 110 

110. a. No growth with L-arabinose, sucrose, raffinose, rhamnose, and 

i-inositol St. roseochroniogenus ( Jensen) Waksman and Henrici. 

ISP 5463 

b. L-Arabinose, sucrose, raffinose, rhamnose and i-inositol are utilized 
for growth St. hawaiiensis* Cron, Whitehead, Hooper, Heinemann, 

and Lein. ISP 5042 

111. a. Sporulating aerial mycelium red or reddish at least on certain 


media .112 

b. Sporulating aerial mycelium not red or reddish . 115 

112. a. No growth with rhamnose . 113 

b. Rhamnose is utilized for growth . 114 

113. a. No growth with D-mannitol 


Act. violascens Preobrazhenskaya and Sveshnikova. 

ISP 5183 

b. D-Mannitol is utilized for growth (Durhamensis group) 

St. durhamensis Gordon and Lapa. ISP 5539; 
St. alanosinicus Thiemann and Beretta. ISP 5606 

114. a. No growth with sucrose 

St. yokosukanensis Nakamura. ISP 5224 
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b. Sucrose is utilized for growth (Longisporus group) 

St. arenae Pridham, Hesseltine, and Benedict. ISP 
5293; St. cellostaticus Hamada. ISP 5189; Act. 

longisporus Krasil’nikov. ISP 5166 


115. a. No growth with rhamnose . 116 

b. Rhamnose is utilized for growth. 117 


116. a. No growth with raffinose; sporulating aerial mycelium blue 

St. curacoi Cataldi. ISP 5107 
b. Raffinose is utilized for growth; sporulating aerial mycelium gray 
(Filipinensis group) 

St. griseochromogenes Fukunaga, Misato, Ishii, and 
Asakawa. ISP 5499; St. filipinensis Ammann, 
Gottlieb, Brock, Carter, and Whitfield. ISP 5112 

117. a. Sporulating aerial mycelium is blue at least on certain media (Bicolor 

group) St. afghaniensis Shimo, Shiga, Tomosugi, and Kamoi. 

ISP 5228; Act. bicolor Preobrazhenskaya. ISP 
5140; St. lanatus Frommer. ISP 5090; St. peruviensis 

(anonymous). ISP 5592 
b. Sporulating aerial mycelium is brownish-gray, grayish yellowish 
brown St. gannmycicus Hosoya and Soeda. ISP 5572 

118. a. Sporulating aerial mycelium is red or reddish at least on certain 


media . 119 

b. Aerial mycelium not red or reddish . 122 

119. a. L-Arabinose is utilized for growth .120 

b. No growth with L-arabinose .. . 121 

120. a. Raffinose is utilized for growth 


Act. malachiticus Preobrazhenskaya and Ryabova. 

ISP 5167 

b. No growth with raffinose (Variabilis group) 

St. arabicus Shibata, Nakazawa, Miyake, Inoue, and 
Okabori. ISP 5252; St. erythrogriseus Falcào de 
Morais and Dàlia Maia. ISP 5116; Act. variabilis 
Preobrazhenskaya, Ryabova, and Blinov. ISP 5179 

121. a. Raffinose is utilized for growth 

St. fasiculatus Pittenger and Nelms. ISP 5054; St. 
natalensis* Struyk, Hoette, Drost, Waisvisz, Van 
Eek, and Hoogerheide. ISP 5357 
b. No growth with raffinose St. aibulus Routien. ISP 5492 

122. a. Sporulating aerial mycelium is blue or bluish on certain media 

St. bluensis Mason, Dietz, and Hanka. ISP 5564 
b. Aerial mycelium not blue . 123 

123. a. Sporulating aerial mycelium is green or greenish on certain media 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 









A DIAGNOSTIC KEY OF “SPECIES” OF STREPTOMYCES AND STREPTOVERTICILLIUM 


403 


.124 

b. Aerial mycelium not green .125 

124. a. Mature spore chains short with 3 to 10, or sometimes more than 
10 spores per chain 

St. prasinus Ettlinger, Corbaz, and Hiitter. ISP 5099 
b. Spore chains generally 10 to 30 spores per chain 

St. hirsutus Ettlinger, Corbaz, and Hiitter. ISP 5095 


125. a. No growth with rhamnose . 126 

b. Rhamnose is utilized for growth . 127 


126. a. No growth with L-arabinose; raffinose is utilized; aerial mycelium 

pale yellow or white 

St. chattanoogensis Burns and Holtman. ISP 5002 
b. L-Arabinose is utilized for growth; no growth with raffinose; aerial 
mycelium gray 

St. toyocaensis Nishimura, Katagiri, Sato, Mayama, 

and Shimaoka. ISP 5030 

127. a. Mature spore chains with 3 to 10 or sometimes more than 10 spores 

per chain St. craterifer (Millard and Burr) Waksman. ISP 

5296; Act. griseorubens Preobrazhenskaya, Blinov, 
and Ryabova. ISP 5160; St. macrosporeus Ettlinger, 
Corbaz, and Hiitter. ISP 5096 
b. Spore chains with 10 to 50 or sometimes more than 50 spores per 
chain.128 

128. a. No growth with raffinose (Griseoflavus group) 

St. alhaduncus Tsukiura, Okanishi, Ohmori, 
Koshiyama, Miyama, Miyaki, Kitazima, and 
Kawaguchi. ISP 5478; St. griseoflavus (Krainsky) 
Waksman and Henrici. ISP 5456; St. lusitanus 
Villax. ISP 5568; Act. rubiginosus Preobrazhenskaya, 
Blinov, and Ryabova. ISP 5177; St. werraensis 
Wallhàusser and Huber. ISP 5486 
b. Raffinose is utilized for growth (presumedly all diagnostic carbon 
sources are utilized) (Antimycoticus group) 

St. antimycoticus Waksman. ISP 5284; St. canus* 
Heinemann, Kaplan, Muir, and Hooper. ISP 5017; 
St. saraceticus* Berger, Goldberg, Sternbach, and 
Miiller. ISP 5241; St. sparsogenes Owen, Dietz, and 
Camiener. ISP 5356; Act. virido-diastaticus* Baldacci, 

Grein, and Spalla. ISP 5249 

129. a. Color of substrate mycelium: Y-b + blue red; melanoid pigment 

formed in peptone-yeast-iron agar; D-glucose, L-arabinose, sucrose, 
D-xylose, i-inositol, D-mannitol, D-fructose, rhamnose and raffinose 
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are all utilized for growth; color in medium: blue ♦♦ red (Yiolaceus 
group) Act. coeliatus Krasil’nikov, Sorokina, Alferova, and 

Bezzubenkova. ISP 5422; Act. coerulatus Krasil’nikov, 
Sorokina, Alferova, and Bezzubenkova. ISP 
5424; St. cyaneus (Krasil’nikov) Waksman. ISP 5108; 
Act. cyanoglomerus subsp. cellulosae Krasil’nikov, 
Sorokina, Alferova, and Bezzubenkova. ISP 5427; 
St. indigocolor (Krasil’nikov, Sorokina, Alferova, 
and Bezzubenkova) Pridham. ISP 5432; St. 
purpurascens Lindenbein. ISP 5310; Act. 
roseoviolaceus Sveshnikova. ISP 5277; St. violaceus 
(Rossi-Doria) Waksman and Henrici. ISP 5082; Act. 
violarli» Artamonova and Krasil’nikov. ISP 5205; St. 
violatus (Artamonova and Krasil’nikov) Pridham. 

ISP 5209 


b. Color of substrate mycelium different . 130 

130. a. Color of substrate mycelium: Y-b -f" bluish-green -<-> red . 131 

b. Color of substrate mycelium different . 132 

131. a. Melanoid pigments formed in peptone-yeast-iron agar 


St. viridis (Lombardo-Pellegrino) Waksman. ISP 

5381 

b. Melanoid pigments are not formed in peptone-yeast-iron agar 

St. viridochromogenes (Krainsky) Waksman and 

Henrici. ISP 5110. 


132. a. Color of substrate mycelium: Y-b -f- red . 133 

b. Color of substrate mycelium different . 135 

133. a. No growth with raffinose 


Act. griseoincarnatus Preobrazhenskaya, Ryabova, 
and Blinov. ISP 5274; St. matensis Margalith, Beretta, 

and Timbal. ISP 5188 

b. Raffinose is utilized for growth. 134 

134. a. Short spore chains with 3 to 10 or more spores per chain 

St. thermodiastaticus (Bergey et al.) Waksman. ISP 

5573 

b. Moderately long spore chains of 10 to 50 or more spores per chain 
Act. griseoruber Ryabova and Preobrazhenskaya. 
ISP 5275; St. erythraeus (Waksman) Waksman and 

Henrici. ISP 5517 


135. a. Color of substrate mycelium: Y-b + green . 136 

b. Color of substrate mycelium different . 139 


136. a. Melanoid pigments are not formed in peptone-yeast-iron agar 

St. olivoviridis Kuchaeva, Krasil’nikov, Skryabin, 
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and Taptykova. ISP 5211 
b. Melanoid pigments produced in peptone-yeast-iron agar. 137 


137. a. Melanoid pigments are not produced in tyrosine agar; D-glucose, 

L-arabinose, sucrose, D-xylose, i-inositol, n-mannitol, D-fructose, 
rhamnose and raffinose are all utilized for growth 

St. iakyrus deQueiroz and Albert. ISP 5482 
b. Melanoid pigments produced in tyrosine agar . 138 

138. a. No growth with sucrose; raffinose is utilized 

St. echinatus Corbaz, Ettlinger, Gàumann, Keller- 
Schierlein, Kradolfer, Neipp, Prelog, Reusser, and 

Zàhner. ISP 5013 

b. Sucrose is utilized; no growth with raffinose 

Act. malachitorectus Preobrazhenskaya, Maximo va, 

and Blinov. ISP 5333 

139. a. Color of suhstrate mycelium: Y-b -f~ green to blue (not pH ind.) 

Act. cyanoalbus Krasil’nikov and Agre. ISP 5198 
b. Color of substrate mycelium different . 140 

140. a. Color of substrate mycelium: Y-b 4 - green -|- red (Coeruleorubidus 

group) Act. coeruleorubidus Preobrazhenskaya. ISP 5145; 

Act. coeruleofuseus Preobrazhenskaya. ISP 5144; 
St. steffisburgensis subsp. steffisburgensis Dietz. ISP 

5547 

b. Color of substrate mycelium different . 141 

141. a. Color of substrate mycelium: Y-b -|- green -f~ blue; melanoid pig¬ 

ments are not produced in peptone-yeast-iron agar 

Act. albocyaneus Krasil’nikov and Agre. ISP 5197 
b. Color of substrate mycelium different; melanoid pigments are pro¬ 
duced .142 

142. a. Color of substrate mycelium: Y-b + blue ♦♦ red green 

St. regalis Reusser. ISP 5532 
b. Color of substrate mycelium: Y-b + red + blue 

St. bellus Margalith and Beretta. ISP 5185 


143. a. Color of substrate mycelium: Y-b . 144 

b. Color of substrate mycelium different . 152 


144. a. Melanoid pigments are produced in peptone-yeast-iron agar . . 145 
b. Melanoid pigments are not produced in peptone-yeast-iron agar 147 

145. a. No growth with rhamnose and i-inositol 

St. lucensis Arcamone, Bertazzoli, Canevazzi, Di 
Marco, Ghione, and Grein. ISP 5317 
b. Rhamnose and i-inositol are utilized for growth. 146 

146. a. Aerial mycelium gray 

St. pilosus Ettlinger, Corbaz, and Hiitter. ISP 5097 
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b. Aerial mycelium gray but on certain media grayish olive, greenish 
gray or olive gray 

St. prasinosporus Tresner, Hayes, and Backus. ISP 
5506; Act. flavoviridis Krasil’nikov. ISP 5153 

147. a. Only D-glucose is utilized for growth; color of aerial mycelium gray, 

greenish gray, pale blue, bluish gray 

St. pactum Bhuyan, Dietz, and Smith. ISP 5530; 
St. karnatakensis Pinto and Ramasarma. ISP 5345 
b. Carbon utilization pattern is different . 148 

148. a. D-Glucose, L-arabinose, sucrose, D-xylose, i-inositol, D-mannitol, 

D-fructose, rhamnose and raffinose are utilized for growth; aerial 
mycelium gray St. calvus Backus, Tresner, and Campbell. ISP 5010 
b. Not all diagnostic C-sources are utilized . 149 

149. a. Only raffinose is not utilized for growth . 150 

b. No growth with sucrose and raffinose; aerial mycelium grayish-green 

or green . 151 

150. a. Color of aerial mycelium is gray 

St. flaveolus (Waksman) Waksman and Henrici. 

ISP 5061 

b. Aerial mycelium grayish, later becoming reddish grayish brown or 
grayish yellowish pink on certain media 

St. heimi (Duché) Pridham, Hesseltine, and Benedict. 

ISP 5328 

151. a. Spore surface: Spiny to hairy 

St. viridosporus Parke, Davis, and Co. ISP 5243 
b. Spore surface hairy 

Act. acrimycini Preobrazhenskaya, Blinov, and 

Ryabova. ISP 5135 

152. a. Color of substrate mycelium: Y-b -f- yellow or orange -«-► red or 

violet; aerial mycelium gray; melanoid pigments are not formed in 
diagnostic media 

Act. viridiviolaceus Ryabova and Preobrazhenskaya. 

ISP 5280 


b. Color of substrate mycelium different .153 

153. a. Color of substrate mycelium: Y-b + red green .154 

b. Color of substrate mycelium: Y-b -|- green .155 


154. a. Melanoid pigments are formed in peptone-yeast-iron agar and in 

tyrosine agar Act. glaucescens Preobrazhenskaya. ISP 5155 

b. Melanoid pigments not formed 

St. bambergiensis Lindner, Wallhàusser, and Huber. 

ISP 5590 

155. a. D-Mannitol and D-fructose are utilized for growth; melanoid pig- 
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ments are formed in peptone-yeast-iron agar. 156 

b. No growth with D-mannitol and D-fructose; melanoid pigments are 
not produced in peptone-yeast-iron agar 

Act. finlayi Szabó, Marton, Buti, and Pàrtai. ISP 

5218 

156. a. Mature spore chains generally 10 to 50 spores per chain; aerial myce- 

lium gray Act. malachitofuscus Preobrazhenskaya, Maximova, 

and Blinov. ISP 5332 

b. Mature spore chains short, generally 3 to 10 spores per chain; aerial 
mycelium grayish-green or green 

Act. griseomycini Preobrazhenskaya, Blinov, and 
Ryabova. ISP 5159; Act. griseostramineus 
Preobrazhenskaya, Kudrina, Ryabova, and Blinov. 

ISP 5161 

157. a. Color of substrate mycelium: Y-b 2 . 158 

b. Color of substrate mycelium different . 212 

158. a. Melanoid pigments are produced in peptone-yeast-iron agar . . 159 
b. Melanoid pigments are not produced in peptone-yeast-iron agar 178 

159. a. Color of mature aerial mycelium blue or bluish green . 160 

b. Color of aerial mycelium different . 162 

160. a. Melanoid pigments not formed in tyrosine agar 

St. amakusaensis Nagatsu, Ansai, Ohkuma, and 

Suzuki. ISP 5219 

b. Melanoid pigments formed in tyrosine agar . 161 

161. a. D-Mannitol is utilized for growth 

St. azureus Donovick, Pagano, and Vandeputte. 

ISP 5106 

b. No growth with D-mannitol 

St. caelestis De Boer, Dietz, Wilkins, Lewis, and 

Savage. ISP 5084 


162. a. Aerial mycelium red or reddish on certain media . 163 

b. Aerial mycelium not red or reddish (but generally gray or grayish) 

.172 

163. a. i-Inositol is utilized for growth . 164 

b. No growth with i-inositol . 170 

164. a. Rhamnose is utilized for growth. 165 

b. No growth with rhamnose . 167 

165. a. No growth with raffinose 


St. phaeofaciens Maeda, Okami, Taya, and Umezawa. 

ISP 5367 

2 Except for strain ISP 5261 of St. tubercidicus, thè yellow-brown substrate mycelium 
of which may change to pale pink with addition of 0.05 N NaOH: Y-b + red. 
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b. Raffinose is utilized for growth. 166 

166. a. Melanoid pigments are not formed on tyrosine agar 

St. collinus Lindenbein. ISP 5129 
b. Melanoid pigments produced (Aurantiogriseus group) 

Act. aurantiogriseus Preobrazhenskaya. ISP 5138; 
St. luteogriseus Schmitz, Deak, Crook, and Hooper. 

ISP 5483 

167. a. Sucrose is utilized for growth 

St. anandii Batra and Bajaj. ISP 5535 


b. No growth with sucrose . 168 

168. a. Raffinose is utilized for growth. 169 


b. No growth with raffinose (Luridus group) 

Act. lavendocolor Kuchaeva, Krasil’nikov, Taptikova, 
and Gesheva. ISP 5216; Act. lavendofoliae 
Kuchaeva, Krasil’nikov, Taptikova, and Gesheva. 
ISP 5217; Act. luridus Krasil’nikov, Korenyako, 
Meksina, Yaledinskaia, and Vesselov. ISP 5081 

169. a. Soluble red pigment may be seen in yeast-malt agar and salts-starch 

agar. This pigment is not pH sensitive 

St. chromogenus Isono, Suzuki, Sawazaki, Nakamura, 
Kawasaki, Yamashita, Anzai, Serizawa, and 

Sekiyama. ISP 5384 

b. No pigment or only a trace of yellowish brown in thè diagnostic 
media St. atrofaciens Ehrlich, Bartz, and Knudsen. ISP 

5475 

170. a. D-Xylose is utilized for growth .171 

b. No growth with D-xylose (and L-arabinose and raffinose) (Lavendulae 

group) St. avidinii Stapley, Mata, Miller, Demny, and 

Woodruff. ISP 5526; St. goshikiensis Niida. ISP 
5190; St. griseolavendus Sumiki. ISP 5385; St. la¬ 
vendulae (Waksman and Curtis) Waksman and 
Henrici. ISP 5069; Act. toxytricini Preobrazhenskaya 
and Sveshnikova. ISP 5178; St. virginiae 
Grundy, Whitman, Rdzok, Rdzok, Hanes, and 

Sylvester. ISP 5094 

171. a. No growth with sucrose 

St. cirratus Koshiyama, Okanishi, Ohmori, Miyaki, 
Tsukiura, Matzuzaki, and Kawaguchi. ISP 5479 
b. Sucrose is utilized for growth 

St. katrae Gupta and Chopra. ISP 5550 

172. a. D-Glucose, L-arabinose, D-xylose, i-inositol, D-mannitol, D-fructose, 

rhamnose, sucrose and raffinose are all utilized for growth 
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(Diastatochromogenes group) 
St. bottropensis Waksman. ISP 5262; St. diastato- 
chromogenes (Krainsky) Waksman and Henrici. ISP 
5449; St. eurythermus* Corbaz, Ettlinger, Gàumann, 
Keller-Schierlein, Neipp, Prelog, Reusser, and Zàhner. 
ISP 5014; St. griseosporeus Niida and Ogasawa. 
ISP 5562; St. neyagawaensis Yamamoto, Nakazawa, 
Horii, and Miyake. ISP 5588; St. versipelli Oliver, 
Prokop, Sinclair, Warren, and Winfield. ISP 5491 


b. No growtli with certain diagnostic C-sources .173 

173. a. D-Mannitol is utilized for growth .175 

b. No growth with D-mannitol .174 

174. a. No growth with rliamnose and i-inositol 


St. nashvillensis McVeigh and Reyes. ISP 5314 
b. Rhamnose and i-inositol are utilized for growth (Galilaeus group) 
St. galilaeus Ettlinger, Corbaz, and Hiitter. ISP 
5481; St. rishiriensis Kawaguchi, Tsukiura, 
Okanishi, Miyaki, Ohmori, Fuyisawa, and 


Koshiyama. ISP 5489 

175. a. Melanoid pigments are not produced in tyrosine agar 

St. galbus Frommer. ISP 5089 
b. Melanoid pigments are produced in tyrosine agar .176 

176. a. No growth with rhamnose 

St. galbus Okami and Umezawa. ISP 5480 
b. Rhamnose is utilized for growth.177 

177. a. Sucrose is utilized for growth 

St. lavenduligriseus* Routien. ISP 5487 
b. No growth with sucrose St. unibrosus Schmidt-Kastner. ISP 5242 


178. a. Color of mature aerial mycelium is red or reddish on certain media 


.179 

b. Aerial mycelium not red or reddish . 189 

179. a. No growth with L-arahinose .180 

b. L-Arabinose is utilized for growth .182 

180. a. No growth with raffinose and D-mannitol 

St. tenebrarius Higgens and Kastner. ISP 5477 
b. Raffinose and D-mannitol are utilized .181 

181. a. No growth with i-inositol and sucrose 

St. roseo-luteus Bessell. ISP 5240 


b. i-Inositol and sucrose are utilized (Substrate mycelium yellow to 
yellowish brown on thè dignostic media, but it is pH sensitive (!) 
changing from yellow to pink (Y-b + red) with addition of 0.05 N 
NaOH) St. tubercidicus* Nakamura. ISP 5261 
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182. a. Raffinose is utilized for growth. 183 

b. No growth with raffinose . 184 


183. a. D-Glucose, L-arabinose, D-xylose, i-inositol, D-mannitol, D-fructose, 
rhamnose, sucrose and raffinose are all utilized for growth 
(Graminofaciens group) 

St. graminofaciens Charney, Fisher, Curran, 
Machlowitz, and Tytell. ISP 5559; St. misionensis* 
Cercós, Eilberg, Goyena, Souto, Vautier, and 
Widuczynski. ISP 5306; St. ochraceiscleroticus 
(Kuznetsov) Pridham. ISP 5594; St. vinaceus-drappus 

Anonymous. ISP 5470 

b. No growth with i-inositol and sucrose 

Act. fumaiius Sveshnikova. ISP 5154 


184. a. No growth with D-mannitol .185 

b. D-Mannitol is utilized for growth .187 

185. a. i-Inositol is utilized for growth 


St. chryseus* (Krasil’nikov, Korenyako, and Nikitina) 
Pridham. ISP 5420; St. helvaticus (Krasil’nikov, 
Korenyako, and Nikitina) Pridham. ISP 5431 
b. No growth with i-inositol . 186 

186. a. No growth with D-xylose 

Act. roseolilacinus Preobrazhenskaya and 
Sveshnikova. ISP 5173 

b. D-Xylose is utilized for growth (Fradiae group) 

Act. cremeus Kudrina. ISP 5147; St. fradiae* 
(Waksman and Curtis) Waksman and Henrici. 

ISP 5063; St. roseoflavus Arai. ISP 5536 

187. a. i-Inositol is utilized for growth (Plicatus group) 

St. humidus Nakazawa, Shibata, Tanabe, and 
Yamamoto. ISP 5263; St. plicatus Anonymous. 

ISP 5319 

b. No growth with i-inositol . 188 

188. a. No growth with rhamnose (Thermoviolaceus group) 

St. griseofuscus Sakamoto, Kondo, Yumoto, and 
Arishima. ISP 5191; St. thermoviolaceus subsp. 
thermoviolaceus* (Henssen) Henssen and Schnepf. 

ISP 5443 

b. Rhamnose is utilized for growth (Griseoviridis group) Act. alborubidus* 
Kudrina. ISP 5465; Act. daghestanicus Sveshnikova. 
ISP 5149; St. griseoviridis Anderson, Ehrlich, 
Sun, and Burkholder. ISP 5229; St. rosa Reusser. 

ISP 5533 
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189. a. Mature aerial mycelium green or greenish (Green color series in thè 

Tresner-Backus System) on certain media .190 

b. Aerial mycelium gray, yellow (Yellow color series in thè Tresner- 

Backus System) or white .192 

190. a. No growth with D-mannitol 

St. psammoticus Virgilio and Hengeller. ISP 5341 
b. D-Mannitol is utilized for growth . 191 

191. a. No growth with sucrose and D-xylose 

St. catenulae Davisson and Finlay. ISP 5258 
b. Sucrose and D-xylose are utilized for growth 

St. chrestomyceticus* Canevazzi and Scotti. ISP 
5545; Act. olivaceoviridis Preobrazhenskaya and 

Ryabova. ISP 5334 

192. a. D-Glucose, L-arabinose, D-xylose, i-inositol, D-mannitol, D-fructose, 

rhamnose, sucrose, and raffinose are all utilized for growth . . . 193 


b. No growth with certain diagnostic carbon sources. 194 

193. a. Mature aerial mycelium gray (Parvullus group) 

Chainia nigra Thirumalachar. ISP 5302; St. 


canarius Vavra and Dietz. ISP 5528; St. chibaensis 
Suzuki, Nakamura, Okuma, and Tomiyama. ISP 
5220; St. corchorusii Ahmad and Bhuiyan. ISP 
5340; St. libani* Baldacci and Grein. ISP 5555; St. 
lydicus* De Boer, Dietz, Silver, and Savage. ISP 
5461; St. nigellus Prokop. ISP 5490; St. 
olivaceiscleroticus Pridham. ISP 5595; St. parvullus 
Waksman and Gregory. ISP 5048; St. pristinaespiralis 
Mancy, Ninet, and Preud’homme. ISP 5338; St. 
thermoflavus* (Kudrina and Maximova) Pridham. 

ISP 5574; St. thermovulgaris Henssen. ISP 5444 
b. Aerial mycelium white or whittish (Sclerotialus group) 

St. purpurogeniscleroticus Pridham. ISP 5271; St. 

sclerotialus Pridham. ISP 5269 

194. a. Mature aerial mycelium gray . 195 

b. Mature aerial mycelium white or yellow (Yellow color series in thè 

Tresner-Backus System) .205 

195. a. No growth with i-inositol . 196 

b. i-Inositol is utilized for growth . 199 

196. a. Rhamnose is utilized for growth 

St. endus Anderson and Gottlieb. ISP 5187 
b. No growth with rhamnose . 197 

197. a. Raffinose is utilized for growth 

St. griseoplanus Backus, Tresner, and Campbell. ISP 5009 
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b. No growth with raffinose . 198 

198. a. No growth with sucrose 

St. halstedii (Waksman and Curtis) Waksman and 

Henrici. ISP 5068 

b. Sucrose is utilized for growth (Aureofaciens group) 

St. aureofaciens Duggar. ISP 5127; St. viridifaciens 
Gourevitch and Lein. ISP 5239 


199. a. No growth with rhamnose . 200 

b. Rhamnose is utilized for growth . 202 

200. a. No growth with L-arabinose .201 


b. L-Arabinose is utilized for growth (Albofaciens group) 

St. albofaciens Thirumalachar and Bhatt. ISP 5268; 
St. capuensis Baldacci, Farina, Locci, and Ragni. 

ISP 5402 


201. a. No growth with raffinose 

St. thermonitrificans Desai and Dhala. ISP 5579 
b. Raffinose is utilized for growth (Nigrescens group) 

Act. nigrescens Sveshnikova. ISP 5276; St. sioyaensis 
Nishiinura, Okamoto, Mayama, Ohtsuka, Nakajima, 
Tawara, Shimohira, and Shimaoka. ISP 5032 


202. a. No growth with raffinose . 203 

b. Raffinose is utilized for growth. 204 


203. a. No growth with sucrose (Olivaceus group) 

St. nodosus Trejo. ISP 5109; St. olivaceus 
(Waksman) Waksman and Henrici. ISP 5072; St. 
pulcher Routien. ISP 5566; St. rochei Berger, 
Jampolsky, and Goldberg. ISP 5231 
b. Sucrose is utilized for growth (Albogriseolus group) 

St. albogriseolus Benedict, Shotwell, Pridham, 
Lindenfelser, and Haynes. ISP 5003; St. tendae 
Ettlinger, Corbaz, and Hiitter. ISP 5101; Act. 
mutabilis Preobrazhenskaya and Ryabova. ISP 

5169 

204. a. No growth with D-inannitol 

St. naraensis* Okuda, Ashino, Egawa, and Suzuki. 

ISP 5508 


b. D-Mannitol is utilized for growth 

St. melanosporofaciens Arcamone, Bertazzoli, 
Ghione, and Scotti. ISP 5318 


205. a. No growth with D-xylose 

St. paraguayensis (de Almeida) Waksman. ISP 5567 
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b. D-Xylose is utilized for growth .206 

206. a. Rhamnose is utilized for growth. 208 

b. No growth with rhamnose . 207 

207. a. No growth with D-mannitol 


Act. albohelvatus* Krasil’nikov, Korenyako, and 

Nikitina. ISP 5410 

b. D-Mannitol is utilized for growth 

St. albus (Rossi-Doria) Waksman and Henrici. ISP 
5313; St. almquisti (Duché) Pridham, Hesseltine, 
and Benedict. ISP 5447; St. aminophilus 
Wooldridge. ISP 5186; St. cacaoi (Waksman) 
Waksman and Henrici. ISP 5057; St. citreus 
Waksman and Henrici. ISP 5364; St. diastaticus 
(Krainsky) Waksman and Henrici. ISP 5496; St. 
rangoon (Erickson) Pridham, Hesseltine, and 

Benedict. ISP 5452 

208. a. No growth with D-mannitol 

Act. aurigineus* Krasil’nikov, Korenyako, and 
Nikitina. ISP 5417; Act. flavidovirens* Kudrina. 

ISP 5150 


b. D-Mannitol is utilized for growth .209 

209. a. No growth with i-inositol . 210 

b. i-Inositol is utilized for growth .211 

210. a. Sucrose is utilized for growth 


St. spheroides Wallick, Harris, Reagen, Ruger, and 

Woodruff. ISP 5292 

b. No growth with sucrose 

St. anulatus (Beijerinck) Waksman. ISP 5361; St. 
niveus* Smith, Dietz, Sokolski, and Savage. ISP 

5088 

211. a. No growth with sucrose 

Act. longisporus-flavus* Krasil’nikov. ISP 5165; St. 
minutiscleroticus (Thirumalachar) Pridham. ISP 
5301; St. sulphureus* (Gasperini) Waksman. ISP 
5104; St. pseudogriseolus Okami and Umezawa. ISP 

5026 

b. Sucrose is utilized for growth 

St. flocculus* (Duché) Waksman and Henrici. ISP 

5327 

212. a. Color of substrate mycelium: Y-b green -f- blue (Melanoid pig- 

ments not formed in diagnostic media; presumedly all diagnostic 
carbon sources are utilized) St. vastus Szabó and Marton. ISP 5309 
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b. Color of substrate mycelium different . 213 

213. a. Color of substrate mycelium: Y-b -f- red. 214 

b. Color of substrate mycelium different . 232 

214. a. Melanoid pigments not formed in peptone-yeast-iron agar .... 215 

b. Melanoid pigments produced . 224 

215. a. No growth with D-mannitol .216 

b. D-Mannitol is utilized for growth .218 

216. a. No growth with D-fructose 


St. fragilis Anderson, Ehrlich, Sun, and Burkholder. 

ISP 5044 

b. D-Fructose is utilized for growth .217 

217. a. No growth with raffinose 

St. spiroverticillatus Shinobu. ISP 5036 
b. Raffinose is utilized for growth 

St. bobili (Waksman and Curtis) Waksman and 

Henrici. ISP 5056 

218. a. No growth with L-arabinose St. murinus Frommer. ISP 5091 

b. L-Arabinose is utilized for growth .219 

219. a. Short spore chains containing 3 to 10 (or more than 10) spores per 

chain. 220 

b. Long spore chains containing 10 to 50 or more spores per chain 221 

220. a. No growth with i-inositol 

St. luteofluorescens Shinobu. ISP 5398 
b. i-Inositol is utilized for growth 

Act. aurantiacus (Rossi-Doria) Krasil’nikov. ISP 
5412; St. poonensis (Thirumalachar) Pridham. ISP 
5596; St. rimosus (Sobin, Finlay, and Kane) 


Waksman. ISP 5260 

221. a. No growth with rhamnose 

Act. aureoverticillatus Krasil’nikov and Yiin 
Chi-sheng. ISP 5080; St. platensis* Pittenger and 

Gottlieb. ISP 5041 

b. Rhamnose is utilized for growth.222 

222. a. Orange or red soluble pigment in certain diagnostic media . . 223 


b. No soluble pigment St. roseiscleroticus Pridham. ISP 5303 

223. a. No growth with i-inositol 

St. nogalater* Bhuyan and Dietz. ISP 5546 
b. i-Inositol is utilized for growth 

St. griseoaurantiacus (Krasil’nikov and Yuan) 
Pridham. ISP 5430; St. minoensis Nishimura. ISP 

5031 

224. a. No growth with D-mannitol.225 
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b. D-Mannitol is utilized for growth .227 

225. a. Raffinose is utilized for growth 

Act. kurssanovii Preobrazhenskaya, Kudrina, 
Ryabova, and Blinov. ISP 5162 
b. No growth with raffinose .226 

226. a. D-Xylose, rhamnose, i-inositol and L-arabinose are utilized for growth 

St. griseoruber Yamaguchi and Saburi. ISP 5281 
b. No growth with D-xylose, rhamnose, i-inositol and L-arabinose 

St. colombiensis* Pridham, Hesseltine, and Benedict. ISP 5558 

227. a. Pseudo-verticillate branching is common 

St. nobilis Baldacci, Locci, and Farina. ISP 5441 


b. Pseudo-verticillate branching very rare . 228 

228. a. D-Glucose, L-arabinose, D-xylose, i-inositol, D-mannitol, D-fructose, 
rhamnose, sucrose and raffinose are all utilized for growth . . . 229 
b. No growth with certain carbon sources. 231 


229. a. Short spore chains containing 3 to 10 or more spores per chain 

Act. violochromogenes Artamonova and Krasil’nikov. 

ISP 5207 

b. Spore chains containing 10 to 50 or more spores per chain . . 230 

230. a. No soluble pigment; spore chains containing 10 to 50 spores per 

chain; aerial mycelium gray 

St. resistomycificus Lindenbein. ISP 5133 
b. Soluble pigment red or lavender; spore chains containing more than 
50 spores per chain; aerial mycelium red 

Act. cinnabarinus Ryabova and Preobrazhenskaya. 

ISP 5467; St. coralus Dietz. ISP 5256 

231. a. Rhamnose and i-inositol are utilized for growth 

St. naganishii Yamaguchi and Saburi. ISP 5282 
b. No growth with rhamnose and i-inositol 

Act. varsoviensis Kurylowicz and Woznicka. ISP 
5346; St. vinaceus Jones. ISP 5515 


232. a. Color of substrate mycelium: Y-b + green 3 .233 

b. Color of substrate mycelium different . 238 


233. a. Melanoid pigments are formed in peptone-yeast-iron agar 

St. regensis Gupta, Sobti, and Chopra. ISP 5551 

3 There are two “species” of Streptomyces, not included in this determining key, in 
thè case of wbich thè color of substrate mycelium varies between blue and green (this pigment 
is not pH indicator or is modified only very slightly): 

1. St. ipomoeae (Person and Martin) Waksman and Henrici. Strain ISP 5383 produces incom¬ 
plete spirals of 1 or 2 turns, smooth spores, blue aerial mycelium; it utilizes all diagnostic car¬ 
bon sources but does not produce melanoid pigments. 

2. St. mirabilis Ruschmann. Strain ISP 5553 produce spirai sporophores, smooth spores, 
gray aerial mycelium, melanoid pigments in peptone-yeast-iron agar but not in tyrosine agar; 
utilizes D-glucose, L-arabinose, i-inositol, D-mannitol, D-fructose and rhamnose. 
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b. Melanoid pigments are not formed in peptone-yeast-iron agar 234 

234. a. D-Glucose, L-arabinose, D-xylose, i-inositol, D-mannitol, D-fructose, 

rhamnose, sucrose and raffinose are all utilized for growth 

St. violaceoniger (Waksman and Curtis) Waksman 

and Henrici. ISP 5563 

b. No growth with certain diagnostic C-sources. 235 

235. a. No growth with L-arabinose and D-mannitol 

St. xantholiticus (Konev and Tsyganov) Pridham. 

ISP 5244 

b. L-Arabinose and D-mannitol are utilized . 236 

236. a. Sucrose and raffinose are utilized for growth (No growth on i-inositol 

and rhamnose) St. recifensis de Morais, de Lima, and Maia. ISP 

5115 

b. No growth with sucrose and raffinose. 237 

237. a. Rhamnose is utilized for growth, spore chains containing 10 to 50 

or more spores per chain 

St. argenteolus Fried, Perlman, Langlykke, and 

Titus. ISP 5226 

b. No growth with rhamnose; spore chains containing 3 to 10 spores 
per chain St. rutgersensis (Waksman and Curtis) Waksman 

and Henrici. ISP 5077 

238. a. Color of substrate mycelium: Y-b -f- blue (No melanoid pigments in 

peptone-yeast-iron agar) 

St. ambofaciens Pinnert-Sindico. ISP 5053 


b. Color of substrate mycelium: Y-b -f- red blue 4 .239 

239. a. Melanoid pigments are produced in peptone-yeast-iron agar . . 240 


b. Melanoid pigments not produced in peptone-yeast-iron agar; red to 
blue pigment in thè medium is pH sensitive, showing thè same changes 
noted for thè reverse mycelium pigment; aerial mycelium gray to 
grayish sometimes modified by red or blue owing to thè interference 
with thè red or blue colored substrate mycelium; D-glucose, L-arab- 
inose, D-mannitol, D-fructose, D-xylose, rhamnose, and i-inositol 
are utilized for growth (Violaceoruber group) 

St. caesius (Krasil’nikov, Sorokina, Alferova, and 
Bezzubenkova) Pridham. ISP 5419; St. coelescens 
(Krasil’nikov, Sorokina, Alferova, and Bezzubenkova) 
Pridham. ISP 5421; Act. cyanocolor Krasil’nikov, 
Sorokina, Alferova, and Bezzubenkova. ISP 5425; 
Act. cyanogenus Krasil’nikov, Sorokina, Alferova, 

4 The yellow-brown substrate mycelium color of strain ISP 5194 of St. racemochromo- 
genus may be modified in some areas by a pigment varying between blue and green. This 
pigment is a pH indicator changing froin grayish green, blue or violet to reddish gray. 
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and Bezzubenkova. ISP 5426; St. lazureus 
(Krasil’nikov, Sorokina, Alferova, and Bezzubenkova) 
Pridham. ISP 5433; St. lividans (Krasil’nikov, 
Sorokina, Alferova, and Bezzubenkova) Pridham. 
ISP 5434; Act. violaceolatus Krasil’nikov, Sorokina, 
Alferova, and Bezzubenkova. ISP 5438; St. 
violaceoruber (Waksman and Curtis) Kutzner and 

Waksman. ISP 5049 

240. a. D-Glucose, L-arabinose, D-xylose, i-inositol, D-mannitol, D-fructose, 

rhamnose, sucrose and raffinose are all utilized for growth . . . 241 
b. No growth with certain diagnostic carbon sources. 242 

241. a. Short spore chains with 3 to 10 or, sometimes more than 10, spores 

per chain; yellow or yellow-brown pigment in thè media not pH 
sensitive Act. violaceochromogenes (Krasil’nikov) Ryabova 

and Preobrazhenskaya. ISP 5181 
b. Spore chains 10 to 50 spores per chain; no pigment in thè medium 
or when pigment is present it is blue red (pH sensitive) 
(Massasporeus group) St. massasporeus Shinobu and Kawato. 

ISP 5035; 

St. tauricus (Ivanitskaya, Upiter, Sveshnikova, and 

Gauze) Pridham. ISP 5560 


242. a. Rhamnose is utilized for growth . 243 

b. No growth with rhamnose . 244 


243. a. Short spore chains with 3 to 10 or more spores per chain; no growth 

with i-inositol, D-mannitol and raffinose 

St. cyaneogriseus (Yen) Pridham. ISP 5534 
b. Mature spore chains generally 10 to 50 spores per chain; no growth 
on sucrose, D-mannitol and raffinose. Utilization of i-inositol is 
doubtful Act. lateritius Sveshnikova. ISP 5163 

244. a. D-Mannitol is utilized for growth 

St. capoamus Gon^alves de Lima, Albert, and 
Gon^alves de Lima. ISP 5494 
b. No growth with D-mannitol . 245 

245. a. Sucrose is utilized for growth; mature aerial mycelium red; no soluble 

pigment (The blue pigment of substrate mycelium is not always 
present. When present, it can he intensified from grayish green to 
grayish blue or violet by 0.05 N NaOH or to reddish gray by 0.05 N 
HC1) St. racemochromogenus 4 Sugai. ISP 5194 

b. No growth with sucrose; mature aerial mycelium gray; blue red 
soluble pigment 

Act. litmocidini Ryabova and Preobrazhenskaya. 

ISP 5164 
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A STUDY OF THE NUTRIENT CONTENT 
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Changes in thè quantity of eleven different elements present in atmospheric 
precipitation carried by canopy throughfall onto thè soil have been studied in a chinate 
zonal oak forest in 1974. The study was based on monthly measurements of thè quantity 
of nutrient materials present in thè collected water samples under thè community 
foliage of Quercus petraea , Quercus cerris , Quercus petraea and Cornus mas , Qu. petraea 
and Acer campestre. For each element, thè degree of enrichment has been ineasured, 
taking atmospheric precipitation as a basis. By knowing thè quantity of water, thè 
degree of canopy density and concentration, thè quantity of minerals present in thè 
throughfall arriving on 1 hectare of forest soil could be established (per element, on 
a monthly or annual basis). 


Introduction 

One of thè main purposes of extensively pursued research programmes 
in ecosystems in thè past decade has been a cognition of thè minerai cycles. 
It is only recently that thè study of thè nutrients thè input branch of thè 
nutrient cycle deposited from thè atmosphere by thè way of precipitation 
in thè ecosystems is becoming of increasing interest. Madgwick and Ovington 
(1959), Nye (1961), Carlisle et al. (1966), Likens et al. (1967), Rapp (1969), 
Denaeyer-De Smet (1969), Ulrich et al. (1971), Reiners (1972), Gubareva 
(1973) and others have measured thè quantity of nutrients in precipitation 
received hy thè various ecosystems and investigated thè role of vegetatimi 
played in enriching thè minerai content of rainwater. Quantities of thè most 
important nutrients carried by rainfall into thè climate zonal forest eco- 
system of thè temperate zone has been studied by Ovington (1968). Allen 
et al. (1968) point out that thè quantity of minerals present in rainwater can 
be of special significance in thè nutrient cycle of ecosystems, especially in 
nutrient-poor areas. Similar investigations have also been conducted in vari¬ 
ous parts of Hungary (Kozak and Mészaros, 1971a, b) chiefly with thè pur- 
pose to assess atmospheric pollution and from agrochemical points of view. 

* “Sikfokut Project” No. 17. 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 


420 


SZABÓ, M. CSORTOS, CS. 


Precipitation water itself carries a certain quantity of nutrients obtained from 
airborne dust, gases, etc. whose content of bioelements undergoes significant 
changes once they gain excess to thè ecosystem. In forests rainwater fading 
on foliar surfaces, branches and stems washes off thè dust and concurrently 
leaches a portion of thè nutrient elements from them (Tamm, 1958; Stenlid, 
1958; Tukey, 1970; etc.). As a result, rainwater is already enriched in nutrient 
elements to a certain extent when it arrives on thè soil surface. 

A significant portion of thè nutrients is recycled into thè soil of thè forest 
ecosystem by means of leaf litter, its decomposition and precipitation, respec- 
tively. Duvigneaud et al. (1971) demonstrated that in temperate zone forests 
three-fourths of thè total amount of circulating minerals is returned to thè soil 
with leaf litter, throughfall, and stemflow. According to Carlisle et al. (1967), 
Duvigneaud et al. (1971) and Nebe (1973), 50% of thè total amount of potas¬ 
simo arrives into thè soil with canopy throughfall and stemflow annually. 
A large portion of magnesium fiiuls its way back to thè soil in thè same way. 
In thè case of calcium and sodium, thè return through litter and its decom- 
position is of greater significarne. 

Since thè understanding of thè nutrient cycles of forest ecosystems 
requires complex and multilevelled investigations, their study is comparta- 
mentalized and thè results subsequently interrelated. 


Description of study site 

Our study is an integrai part of thè studies in thè MAB Programme 
(Jakucs, 1973), concerning thè complex investigations of forest ecosystems in 
Hungary. Investigations were carried out in a 65 to70 years old, climate zonal 
oak forest of homogeneous stand, located in thè hilly land between thè Great 
Hungarian Plain and thè Northern mountain range (Quercetum petraeae-cerris ) 
(Sikfokut Project). Quercus petraea dominates in thè foliage level (84%), 
followed by Qu, cerris (16%). Canopy density is 80%, thè average tree 
height 17.3 m, average trunk diameter 20 cm, average number of trees per 
hectare 816. The shrub level is also well-developed: e.g. Cornus mas , Acer 
campestre , Acer tataricum , Ligustrum vulgare occur in masses. Structural data 
and detailed characterization of thè environment and climate are supplied hy 
Jakucs and (1973) Jakucs et. al. (1975). 

Methods 

Atmospheric precipitation and throughfall water samples were collected biweekly, 
at times weekly, (on 23 sampling occasions), between February 27 and December 4, 1974, in thè 
experimental area covering 1/4 hectare (“B” square). An account on thè amount of precipitation 
(canopy throughfall and stemflow) arriving on thè forest floor as well as on interception and its 
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annual changes had been given in an earlier study (Szabó 1975). In thè investigation period thè 
amount of precipitation was 595.3 min according to our measurements. 

Input precipitation was captured in a trough made of polyester with a collecting surface 
of 2000 cm 2 placed on thè top of a tower 25 m high, and water was trapped in a black-coloured 
plastic container. Troughfall was captured by 14 troughs, of identical dimensions as thè former 
one, applied in four combinations; 5 collectors under Qu. petraea , 3 collectors under Qu. cerris , 
3 collectors under Qu. petraea -f Cornus mas and 3 collectors under Qu. petraea -J- Acer camp¬ 
estre. A nylon filter of 1 inm mesh size was placed in front of thè drainage orifice of thè col¬ 
lectors, in order to block thè way of macroscopic litter, twigs and invertebrates. After each 
sampling, thymol was put into thè collectors to prevent thè proliferation of microorganisms, 
silice they incorporate nitrogen and phosphorus present in water. The iodine treatment suggest- 
ed by Heron (1962) is generally employed as a preventive method but this treatment is rather 
complicated. 

In every instance 500 mi well homogenized water sample was taken and stored in a dark 
refrigerator until Chemical processing. Elements present in thè precipitation water samples 
collected at each sampling point were determined monthly. Prior to analysis, thè month-old 
water samples were mixed in a ratio based on thè quantity of each sample filtered and analysed 
with respect to thè following elements: K, Ca, Na, Mg, Fe, Mn, Zn, S0 4 -S, P0 4 -P, NO ; ,-N, 
Kjeldahl-N, and Cl. Cations have been determined by a UNICAM SP 1900 type atomic 
absorption spectrophotometer, at thè Institute for Inorganic Chemistry. Kossuth University, 
Debrecen. 

Organic-N was measured by Kjeldahl digest. The NH 3 content of thè sample was 
distilled through a inodified Parnass—Wagner apparatus into saturated H 3 B0 4 solution and 
mixed (Groak) indicator and thè NH 3 determined through titration with HC1. 

Determination of thè total phosphate content: thè forms of phosphorus present in thè 
water sample were first converted into orthophosphate by Kjeldahl digest, then thè mixed 
reagent (H 2 S0 4 + ammonium molybdate + SbCl 3 amydosulphonic acid was added as a 
reagent followed by thè addition of ascorbic acid as thè reducing agent. Colorimetry was per- 
formed with a SPEKOL Spectrophotometer on 665 nm wavelength. 

Nitrate was also determined by colorimetry. The N0 3 ions turn yellow in thè presence 
of Na-salicilate in acidic medium. Colour intensity was measured on 420 nm wavelength. 

The quantity of sulphate was measured again by thè colorimetrie method. S0 4 ions 
were precipitated in a known quantity of BaCl., solution, then thè remnant of Ba was photo- 
metrically measured with thè aid of K 2 Cr0 4 solution on 400 nm wavelength. 

Chloride was determined by OP-C1-7112-D type chloride selective electrode and pH 
measurer. 


Results and discussion 

Concentration changes of thè analysed elements is shown in Figures l/a, 
b and c. The quantity of thè nutrient elements deposited by canopy through- 
fall has been calculated for 1 hectare forest floor, on thè basis of thè cover 
map and thè respective density values. They were as follows: 27% for Qu. 
petraea , 13% for Qu. cerris , 20% for Qu. petraea + Acer campestre , 20% for 
Qu. petraea -f- Cornus mas. Cover values indicate that in thè experimental 
forest thè open area is 20% of thè total surface where thè total minerai con¬ 
tent of thè unintercepted precipitation reaches thè soil. Thus, when calculating 
thè grand total of minerai quantity received by 1 hectare of florest floor, 20% 
was added to thè amount present in thè throughfall (80% canopy cover).* 
The end result per element (thè four experimental combinations on an annual 


* Minerai content of thè stemflow will be discussed in a later paper. 
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Fig. la. Changes in K. Fe, Mn. and Zn concentrations (in mg/liter) in canopy throughfall 
and in atmospheric precipitation; Al Quercus petraea; A2 = Quercus cerris; B1 = Qu. 
petraea and Acer campestre; B2 = Qu. petraea and Cornus mas; 3 = atmospheric 

precipitation 


basis) is illustrateti in Fig. 2. The annual grand total of nutrient elements in 
atmospheric precipitation, throughfall, and in thè 20% of unintercepted pre¬ 
cipitation is summarized in Fig. 3. 

A so-called enriching factor has been calculated for each element, whereby 
thè enrichment level of each element in throughfall is compared with thè 
quantity present in incident rainfall. 

Table 1 surnmarizes thè changes in thè nutrient content of atmospheric 
precipitation and of canopy throughfall (in all four investigated combinations) 
expressed in kg/ha, as well as thè differences (between throughfall and at¬ 
mospheric precipitation) and thè enrichment factors per month and per 
year. An enrichment factor less than 1 indicates that thè concentration level 
of thè element in canopy throughfall was sinaller than that of thè level of 
concentration atmospheric precipitation. 
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Fig. lb. Changes in Ca, Mg, Na concentrations (in mg/liter) in canopy throughfall and in 
atmospheric precipitation. For numerical designatimi see Fig. la 


Potassium 

During thè period of investigation, thè amount of potassium in atmos¬ 
pheric precipitation was 7.43 kg/ha. This quantity is higher than measured 
by Madgwick and Ovington (1959) (2.8 kg/ha/annum) and is closer to thè 
data submitted by Will (1959) (2.35 10.42 kg/ha/annum) who conducted 

measurements in New Zealand. The measured potassium content of canopy 
throughfall in thè investigated oak forest for thè period of investigation — 
was 27.016 kg/ha, approaching thè value measured by Carlisle et al. (1966), 
namely 28.14 kg/ha/annum also in a Quercus petraea forest. The increase of 
potassium content in canopy throughfall is very significant, 19.587 kg/lia, 
representing thè highest value among all macroelements (Fig. 2). 

28.51 kg/ha potassium, carried by rainwater, has reached thè soil of thè 
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Fig. le. Changes in S0 4 -S, total-N, P0 4 -P, and CI concentrations (in ing/liter) in canopy 
throughfall and in atmospheric precipitation. For numerical designation see Fig. la 

ecosystem (canopy throughfall + 20% unintercepted precipitation) during 
thè period of examination (Fig. 3). 

Our measurements yielded maximum values with respect to pota ssium 
concentration in canopy throughfall, one maximum value for thè summer and 
one again for thè autunni, not including, however, thè outstanding value 
measured in Aprii when all other investigated elements indicated a significant 
level height, a fact which was related to thè extraordinary low amount of 
precipitation (3.3 mm). This maximum will not he considered in thè case of any 
of thè other elements. 

Increase in thè potassium content of canopy throughfall is best illustrated 
by thè enrichment factors (Tahle 1). The level of enrichment is highest in thè 
inonths of July, August and Novemher during which time thè potassium 
content of canopy throughfall has increased by ten to thirtyfold. This phenom- 
enon is probahly strictly related to thè fact that rainwater readily leaches 
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Fig. 2. Distribution of minerals arriving penetrating thè soil; 1 = Quercus petraea; 2 = Quer- 
cus cerris; 3 = Qu. petraea and Acer campestre; 4 = Qu. petraea and Cornus mas; 

5 = direct penetration into thè soil 


potassium from fully developed leaves and from those beginning to turn 
yellow. According to Tukey (1970), thè amount of leached potassium is only 
5% in thè case of young leaves, leached potassium can amount to 80% from 
senescent leaves, despite thè fact that developing leaves possess a larger amount 
of thè element. 

The changes of potassium content in canopy throughfall of Qu. petraea 
and Qu. cerris concurs witli thè changes of potassium concentration in atmos- 
pheric precipitations (Fig. la). In thè case of Qu. petraea , enrichment is signif¬ 
icai until thè beginning of August. The most likely explanation lies in thè 
differences of leaf morphology and structure between thè two tree species. 
Deviation is less in thè case of tree-shrub combinations of thè two species; 
beginning with June, there is practically no marked difference in thè potas¬ 
sium content of canopy throughfall. Compared with thè quantities of potas¬ 
sium leached only from tree foliage, water fading through thè canopies of also 
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thè two shrub species is more significantly enriched. The largest amount of 
potassium reaching thè forest floor with canopy throughfall was in June 
(6.782 kg/ha); slightly less was measured in May (6.560 kg/ha, Fig. 2). The 
potassium content of canopy throughfall for May and June was nearly as 
high in a Qu. petraea forest, measured by Carlisle et al. (1966). An increase 
could be observed again in October (5.255 kg/ha). This might be explained 
also by thè high level of precipitation in October, 1974 (194 mm atmospheric 
precipitation). 

Calcium 

Although in at mospheric precipitation only Ca among thè cations occurred 
in thè greatest amount 17.40 kg/ha in thè investigation period — thè Ca- 
content of canopy throughfall was only 23.28 kg/ha. The increase was therefore 
only 5.88 kg/ha (Table 1). And 26.76 kg/ha Ca has reached thè soil (Table 1). 
The Ca-content of canopy throughfall on thè forest floor exhibited a steady 
trend increase until thè end of thè summer and has reached maximum level 
in August (6.371 kg/ha); after an intermediate decrease in September, Ca- 
content had again increased by October (4.357 kg/ha, Fig. 2). This last increase 
can be related also with thè higher amount of precipitation. 

Input Ca (17.40 kg/ha) during thè investigated period was considerahly 
higher than that cited by Carlisle et al. (1966) (7.3 kg/ha/annum), and as 
measured by Madgwick and Ovington (1959) (11 kg/ha/annum). Ca-enrich- 
ment shows a significantly smaller rate in canopy throughfall than does 
potassium. Maximum enrichment (sixfold) was registered also in July and 
August, especially in thè case of thè combination Qu. petraea + Cornus mas. 
According to Nere (1973), thè increase of Ca concentration during thè summer 
is probably owing to dust being washed off by rainwater from thè leaves. 
By thè end of thè vegetation period, in Novemher, Ca concentration of canopy 
throughfall shows a slight increase, owing probably to thè loss of Ca from 
thè dead leaves. There is no considerable difference between thè Ca-content 
in thè precipitation fallen through thè canopies of Qu. petraea and Qu. cerris. 
The Ca-content of throughfall for both tree and shrub combinations and its 
level are always higher. The canopy throughfall of Qu. petraea -f- Acer cam¬ 
pestre is always higher in Ca-content until June, than that fading through 
Qu. petraea -j- Cornus mas. This phenomenon can be adequately accounted for 
by thè higher Ca-content in thè leaves of thè two shrub species than in tliose 
of thè trees (Papp L. ined.). 

Magnesium 

Magnesium occurs in considerable quantity both in atmospheric precipita¬ 
tion and in canopy throughfall. During thè investigation period, atmospheric 
precipitation contained 2.31 kg/ha Mg, canopy throughfall 4.55 kg/ha, making 
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Fig. 3. Bioelement content of atmospheric precipitation (a) and rainfall reaching thè soil 

(b) in kg/ha 


a difference of 2.24 kg/ha (Table 1). During thè time of study, 5.01 kg/ha Mg 
arrived with rainwater on thè soil (Fig. 3). There is little information in litera- 
ture on thè investigation of Mg-content; Carlisle et al. (1966) measured 
4.63 kg/ha/annum in atmospheric precipitation. Mg concentration in canopy 
throughfall (Fig. 1) shows changes similar to those in Ca-content, hut of lower 
values. Concentration maxima were reached in thè same periods; thè high 
values registered in thè summer were probably thè result of higher dust pollu- 
tion, and maximum values measured in November probably owing to thè 
extensive leaching of Mg from thè leaves. 

If thè four combinations are compared, no great difference between thè 
Mg-contents of canopy throughfall of thè two tree species can he noticed. 
Mg enrichment in thè throughfall of tree shrub combinations is more signif¬ 
icane especially in thè case of Qu. petraea -f- Cornus mas. The greatest amount 
of Mg present in canopy throughfall has reachcd thè soil in July and August, 
0.876 and 0.883 kg/ha, respectively; this amount again increased after a set- 
back in September, to 0.823 kg/ha in October. Maximum Mg enrichment was 
measured in thè canopy throughfall of Qu. petraea -}- Cornus mas in July, 
thè enrichment faotor then was 13. 
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Sodium 

During thè study period, thè sodium content in canopy throughfall was 
1.84 kg/ha (Table 1). Maximum Na quantity in canopy throughfall occurred 
in May (0.596 kg/ha), and after a decrease in summer it again increased to 
0.318 kg/ha in October. This later increase can be explained partly by thè high 
level of precipitation in October and partly by thè mobility of thè monovalent 
Na ions which are leached more easily from thè dying leaves during thè autumn 
than at any other time of thè vegetation period. Canopy throughfall manifests 
a lesser degree of Na enrichment than thè other elements surveyed previously. 
All four combinations examined exhibit a similar trend in thè changes of Na 
content in canopy throughfall. Na-concentration in both atmospheric pre¬ 
cipitation and canopy throughfall had their maxima in July. The annual 
development of Na-content of thè canopy throughfall in all four combinations 
shows dose similarity. 


Manganese 

In thè investigated period, thè Mn-content of atmospheric precipitation 
was only 0.17 kg/ha, but with throughfall 1.39 kg/ha has reached thè soil 
(Table 1); thè greatest amount was found in October (0.318 kg/ha). 

The highest enrichment level of Mn was measured in June and July, 
and again in October and November (enrichment factors between 25 and 70). 
Enrichment in Mn is probably thè result of leaching thè leaf tissues (Tukey, 
1970). The development of concentration values is more or less similar to that 
of thè cations discussed so far. 


Zinc and iron 

Both substances occur only as trace elements in rainwater. Rainwater 
fading through thè foliage was increased in zinc content to a significant measure 
(e.g. thè enrichment factor was higher than 100 in July), but its amount is 
stili very low in throughfall. The same holds for iron. During thè entire period 
of investigation, 0.21 kg/ha Zn and 0.18 kg/ha Fe have reached thè forest 
floor by way of canopy throughfall. On thè other hand, atmospheric precipita¬ 
tion has contained 0.13 kg/ha Zn and 0.09 kg/ha Fe (Table 1). 


Sulphate-sulphur (S0 4 -S) 

Plants cover a considerable portion of their sulphur requirement from 
rainwater (Olsen, 1957; Whitehead, 1964). The ecosystem studied received 
17.83 kg/ha S0 4 -S during thè investigated period, and this amount has signif- 
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icantly increascd by thè passage of water through foliage to thè soil: 46.07 kg 
per ha sulphate-sulphur was measured in thè throughfall (Table 1). The largest 
quantities of sulphate-sulphur arrived on thè soil in May and October: 13.886 
and 13.971 kg/ha, respectively. 

The changes in S0 4 -S content in canopy throughfall for all four combi- 
nations were closely related to thè S0 4 ion concentration in atmospheric 
precipitatimi. Comparing thè combinations, it cari he stated tliat rainwater 
fading through thè foliage of shrubs also scarcely showed a higher level of 
enrichment. The S0 4 -S content is higher for Qu. petraea canopy of throughfall 
than for Qu. cerris until August, but this difference disappears later. 

The S0 4 -S content of rainfall passing through thè foliage of thè two kinds 
of trees and shrubs indicates no essential difference. 

Concerning thè entire period (Fig. 2), it cari be stated that thè S0 4 -S 
content of throughfall was considerable, especially in thè case of Quercus 
petraea + Cornus mas (15.06 kg/ha). 

Total-nitrogen content 

In naturai ecosystems, thè nitrogen content received through atmos- 
pheric precipitation is of especial importance. As already mentioned under 
“Methods”, thè KjELDAHL-nitrogen and nitrate-nitrogen content of thè water 
samples was determined and thè sum of these two represented thè total nitro¬ 
gen content in thè present case. N0 2 -N content of thè first sainples has also 
been measured, but because of its low presence subsequent measurements 
have not been made. In thè investigated period, 20.09 kg/ha total-N was 
received by thè ecosystem, 17.56 kg/ha organic-N and 2.53 kg/ha N0 3 -N. This 
N-content is significantly higher than that measured by KozÀk and Meszaros 
(1971a) for thè 1968 70 mean (14.6 kg/ha/annum). On thè other hand, canopy 

throughfall contained only 17.28 kg/ha, that is 14.95 kg/ha organic-N and 
2.33 kg/ha N0 3 -N (Table 1). 

The quantity of total-N in canopy throughfall was in some cases less 
than in atmospheric precipitation. This is well illustrated by thè curves depict- 
ing concentration levels (Fig. le), in these instances thè enrichment factors 
were less than 1. Therefore, canopy throughfall was not enriched in N, but 
rather impoverished. Carlisle et al. (1966) and Nihlgard (1970) have 
observed thè same phenomenon during their investigations in oak and beech 
forest. The decrease is primarily describable to thè absorption of adsorption 
of mainly inorganic-N compounds (e.g. nitrate compounds) by thè leaf sur- 
faces from thè rainwater (Stenlid, 1958). Next to thè extremely high values 
of nitrogen in Aprii, thè maximum N-concentration of canopy throughfall was 
measured in May. Enrichment factors were between 2.3 — 4.8. This increase 
in May was held only for organic nitrogen with respect to thè two N forms 
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and it is probably closely related to thè caterpillar gradation taking place 
in May. Analyses of caterpillar excrements indicated that thè refuse contained 
large quantities of organic-nitrogen and that this value was reflected in thè 
May maximum. 


Phosphate-phosphorus (P0 4 -P) 

Atmospheric precipitation contained relatively little quantities of 
phosphorus: 1.32 kg/ha in thè investigatoli period; canopy throughfall 
enriched thè soil by 2.08 kg/ha (Table 1). The highest enrichment registered 
for canopy throughfall was measured in May, which, similarly to thè nit- 
rogen enrichment, was probably caused by caterpillar gradation since thè 
P0 4 -P content of thè excrement was also high. 

Both atmospheric precipitation and canopy throughfall showed ari 
increase in concentration for July (in thè summer enrichment was higher). 
In Novemher a second enrichment maximum also appeared. 


Chlorine 

Although it belongs among thè macroelements, chlorine plays an insignif- 
icant role as a minerai nutrient. In thè studied period 12.60 kg/ha chlorine 
arrived in thè ecosystem with rainfall. This quantity, if compared to that in 
maritime littoral areas (100 200 kg/ha/annum), is insignificant (Rapp, 1969). 

12.88 kg/ha chlorine was measured in during thè investigation period (Table 1). 
Consequently, vegetation has not contrihuted significantly to thè increase 
of Cl-content of rainwater. 

The four combinations of precipitation arriving to thè soil show similar 
tendency with respect to change in Cl-content (Fig. 1/c) : throughfall of thè 
two shrub species is enriched to a greater degree than canopy throughfall no 
intercepted by shrub foliage. 


Summary 

The paper deals with one brandi of minerai cycle in thè Quercetum 
petraeae-cerris forest ecosystem: thè minerai content of canopy throughfall 
getting into thè System as measured for 1974. 

We liave measured thè quantity of eleven elements present in atmos¬ 
pheric precipitation and canopy throughfall. By knowing thè amount of 
precipitation, thè concentration levels and canopy density we have computed 
thè amount of thè nutrient material present in canopy throughfall that reaches 
1 hectare of thè forest floor area (February 27 through December 4, 1974): 
27.017 kg potassimo, 23.28 kg calcium, 4.55 kg magnesium, 1.84 kg natrium, 
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1.39 kg manganese, 0.21 kg zinc, 0.18 kg iron, 45.07 kg sulphate-sulphur, 
17.28 kg total nitrogen, 12.88 kg chlorine and 2.08 kg phosphate-phosphor. 

Potassium and sulphur contributes most significanty to thè enrichment 
of canopy throughfall (enrichment maxima were reached in August and 
November). The extent of enrichment with respect to precipitation was for 
potassium 1.2 30.1, calcium 1.1 6.4, magnesium 1.1 13.0, manganese 

2.2 70.9, sulphur 1.2- 8.0, phosphorus 1.4 —11.0 fold. Nitrogen and phos- 

phorus enrichment maxima coincide with caterpillar gradation occurring 
in May. 
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Table 1 


A — precipitation; B = throughfall (1 


Bioelement content of rainfall and throughfall in an oak-forest (Quercetum petraeae-cerris). (27 

Quercus petraea; 2 = Qu. cerris; 3 = Qu. petraea + Acer campestre ; 4 = Qu. petraea + Cornus mas); B(1 

, . - r T element concentration of throughfall in mg/1 

b = enriching tactor -=- : --- ° — + 

L element concentration of rainfall in mg/1 


Febr.—4 Dee ., 1974) — in kg/ha 

4) —A = Difference between throughfall and rainfall; a = bioelement content in kg/ha; 
j ; n.a. = not analysed 


Date 

Rainfall type 

Rainfall 

quantity, 

mm 

K 

Ca 

Mg 


Na 


Mn 

Zn 

Fe 

so 4 -s 

Total-N 

CI 


P0 4 P 


a 

h 

• 

a 

b 

a 

b 


b 

a 

b 

i 

b 

a 

b 

a 

L_ b __ 

a 

J_ 

b 

a 

b 

a 

j_ b _ 

27. 11 — 13. Ili 

A 


4.3 

0.044 


0.210 


0.022 


0.016 


0.004 

' 

0.0013 


0.0014 


0.329 


0.182 


0.163 


0.0175 



B-l 



0.018 

1.5 

0.078 

1.3 

0.009 

1.4 

0.009 

2.2 

0.003 

2.9 

0.0006 

1.7 

0.0011 

3.0 

0.131 

1.4 

0.073 

1.5 

0.039 

0.8 

0.0047 

2.3 


B-2 


3.6 

0.011 

1.8 

0.045 

1.5 

0.005 

1.5 

0.007 

3.3 

0.002 

3.1 

0.0003 

1.4 

0.0005 

2.7 

0.072 

1.5 

0.042 

1.6 

0.023 

1.0 

0.0023 

2.1 


B-3 



0.014 

1.6 

0.053 

1.3 

0.005 

1.3 

0.005 

1.5 

0.002 

2.8 

0.0002 

1.1 

0.0006 

2.3 

0.098 

1.6 

0.061 

1.8 

0.029 

0.9 

0.0036 

2.5 


B-4 



0.011 

1.2 

0.064 

1.1 

0.005 

1.2 

0.005 

1.5 

0.002 

2.2 

0.0003 

1.0 

0.0009 

3.1 

0.080 

1.2 

0.059 

1.6 

0.028 

0.8 

0.0021 

2.0 


B(1 4) 

A 

0.7 

-f 0.010 


+ 0.030 


+ 0.002 


+ 0.010 


+ 0.005 


+ 0.0001 


+ 0.0017 


+ 0.052 


+ 0.053 


0.044 

1 

+ 0.0062 


13. Ili —24. IV 

A 


3.3 

0.083 


0.360 


0.047 


0.018 


0.003 


0.0009 


0.0002 


0.517 


0.300 




0.0113 



B-l 



0.089 

9.8 

0.129 

2.7 

0.026 

5.2 

0.006 

2.1 

0.007 

18.9 

0.0006 

4.3 

0.0007 

31.4 

0.148 

1.5 

0.097 

1.7 



0.0127 

5.8 


B-2 


1.4 

0.027 

2.4 

0.069 

1.4 

0.012 

1.6 

0.002 

1.2 

0.002 

4.4 

0.0002 

1.4 

0.0002 

6.0 

0.057 

0.8 

0.032 

0.8 

n.a. 


0.0021 

1.4 


B-3 



0.047 

13.0 

0.086 

4.0 

0.017 

7.8 

0.003 

2.3 

0.003 

16.3 

0.0003 

4.4 

0.0004 

27.3 

0.146 

2.6 

0.075 

2.3 



0.0075 

6.2 


B-4 



0.059 

10.5 

0.091 

2.9 

0.018 

5.6 

0.004 

2.4 

0.005 

18.9 

0.0004 

4.8 

0.0004 

27.0 

0.163 

3.9 

0.081 

3.1 



0.0093 

9.7 


B(1 4) - 

A 

1.9 

+ 0.139 


+ 0.015 


f 0.026 


-0.003 


f 0.014 


+ 0.0006 


+ 0.0015 


0.003 


-0.015 




+ 0.0203 


24. IV 22. V 

A 


78.6 

1.320 


1.359 


0.110 


0.369 


0.079 


0.0212 


0.0078 


4.027 


2.227 


1.616 


0.1439 



B-l 



2.016 

8.9 

0.517 

2.4 

0.174 

9.3 

0.188 

2.9 

0.089 

6.8 

0.0071 

1.9 

0.0121 

8.4 

3.954 

5.7 

1.308 

3.4 

0.646 

2.3 

0.1681 

7.1 


B-2 


60.9 

0.638 

4.1 

0.243 

1.4 

0.078 

5.9 

0.136 

3.3 

0.033 

3.4 

0.0045 

1.7 

0.0050 

5.6 

1.750 

3.6 

0.800 

3.1 

0.384 

1.9 

0.0497 

2.9 


B-3 



2.126 

11.5 

0.575 

3.0 

0.183 

11.9 

0.111 

2.1 

0.092 

8.4 

0.0058 

1.9 

0.0103 

9.3 

4.555 

8.0 

1.507 

4.8 

0.610 

2.6 

0.1929 

9.6 


B-4 



1.780 

9.3 

0.404 

2.0 

0.147 

9.2 

0.161 

3.0 

0.095 

8.4 

0.0065 

2.1 

0.0094 

8.3 

3.627 

6.2 

0.739 

2.3 

0.519 

2.2 

0.2312 

11.0 


8(1 4) 

A 

17.7 

+ 5.240 


+ 0.380 


+ 0.470 


f 0.227 


+ 0.230 


+ 0.0027 


+ 0.0290 


+ 9.859 


+ 2.127 


+ 0.543 


+ 0.4981 


22. V 19. VI 

A 


104.6 

4.182 


1.589 


0.167 


0.261 


0.010 


0.0366 


0.0523 


2.214 


2.084 


2.149 


0.1150 



B-l 



2.917 

3.6 

0.808 

2.6 

0.218 

6.7 

0.090 

1.8 

0.088 

43.6 

0.0206 

2.9 

0.0275 

2.8 

1.746 

4.1 

0.731 

1.8 

0.838 

2.0 

0.0696 

3.1 


B-2 


81.0 

0.660 

1.4 

0.310 

1.8 

0.094 

5.1 

0.036 

1.2 

0.046 

40.7 

0.0111 

3.1 

0.0066 

1.0 

1.203 

4.9 | 

0.176 

0.7 

0.292 

1.2 

0.0277 

2.3 


B-3 



1.557 

2.6 

0.623 

2.6 

0.153 

6.3 

0.073 

1.8 

0.072 

48.3 

0.0130 

2.4 

0.0302 

3.8 

1.632 

5.0 

0.410 

1.3 

0.553 

1.7 

0.0396 

2.4 


B-4 



1.648 

2.5 

0.567 

2.3 

0.307 

13.0 

0.063 

1.6 

0.055 

33.7 

0.0203 

3.6 

0.0135 

1.7 

0.941 

2.7 

0.474 

1.4 

0.471 

1.4 

0.0547 

3.0 


8(1 4) — 

A 

23.6 

+ 2.600 


+ 0.719 


+ 0.605 


+ 0.001 


} 0.251 


+ 0.0284 


+ 0.0255 


+ 3.308 


0.293 


+ 0.005 


+ 0.0766 


19. VI 31. VII 

A 


40.3 

0.397 


2.383 


0.401 


0.167 


0.008 


0.0004 


0.0039 


3.104 


1.057 


1.098 


0.2712 



B-l 



1.250 

17.2 

1.074 

2.4 

0.281 

3.8 

0.077 

2.5 

0.037 

25.7 

0.0116 

164.0 

0.0097 

13.6 

1.181 

2.0 

0.354 

1.8 

0.430 

2.1 

0.0574 

1.1 


B-2 


27.1 

0.516 

12.6 

0.527 

2.1 

0.148 

3.5 

0.054 

3.0 

0.023 

28.0 

0.0045 

108.0 

0.0036 

8.3 

0.508 

1.5 

0.141 

1.2 

0.365 

3.1 

0.0170 

0.6 


B-3 



0.860 

19.6 

0.759 

3.0 

0.153 

3.7 

0.041 

2.0 

0.029 

35.1 

0.0088 

217.0 

0.0084 

19.0 

0.643 

1.9 

0.310 

2.5 

0.332 

2.4 

0.0402 

1.1 


B-4 



0.825 

15.8 

1.557 

5.1 

0.294 

5.8 

0.047 

2.2 

0.017 

16.1 

0.0023 

48.0 

0.0030 

6.0 

0.644 

1.6 

0.354 

2.6 

0.393 

2.8 

0.0678 

1.9 


B(1 — 4) 

A 

13.2 

+ 3.054 


+1.534 


+ 0.475 


+ 0.052 


+ 0.098 


+ 0.0268 


+ 0.0208 


-0.128 


+ 0.102 


+ 0.422 


- 0.0887 


31. VII 29. Vili 

A 


90.1 

0.135 


2.477 


0.207 


0.090 


0.018 


0.0045 


0.0180 


2.975 


5.622 


1.501 


0.3064 



B-l 



0.582 

25.0 

1.741 

4.0 

0.311 

8.6 

0.059 

3.8 

0.020 

6.4 

0.0051 

6.6 

0.0100 

3.2 

0.802 

1.5 

0.940 

0.9 

0.465 

1.8 

0.0693 

1.3 


B-2 


64.9 

0.361 

23.9 

1.027 

3.4 

0.153 

6.0 

0.028 

2.7 

0.016 

7.5 

0.0054 

10.0 

0.0082 

4.0 

0.490 

1.4 

0.447 

0.7 

0.290 

1.7 

0.0594 

1.8 


B-3 



0.495 

30.1 

1.352 

4.0 

0.263 

10.2 

0.039 

3.4 

0.024 

11.3 

0.0056 

9.6 

0.0079 

3.5 

0.517 

1.4 

0.624 

0.9 

0.315 

1.6 

0.0684 

1.8 


B-4 



0.514 

26.7 

2.251 

6.4 

0.156 

5.2 

0.061 

4.7 

0.028 

11.0 

0.0060 

9.2 

0.0082 

3.2 

0.589 

1.4 

0.761 

0.9 

0.370 

1.7 

0.0948 

2.1 


B(1 4) 

A 

25.2 

+ 1.817 


! 3.894 


A 0.676 


+ 0.097 


+ 0.070 


+ 0.0176 


+ 0.0163 


0.577 


-2.850 


— 0.061 ì 


0.0145 


29. Vili 2. X 

A 


52.9 

0.211 

1 

1.058 


0.095 


0.217 


0.026 


0.0265 


0.0106 


1.771 


2.696 


1.208 


0.1775 



B-l 



0.474 

12.4 

0.574 

2.9 

0.081 

4.5 

0.063 

1.5 

0.043 

8.6 

0.0051 

1.0 

0.0028 

1.4 

1.068 

3.6 

0.625 

1.2 

0.522 

2.3 

0.0578 

1.7 


B-2 


38.7 

0.341 

14.5 

0.366 

3.0 

0.055 

4.9 

0.039 

1.6 

0.031 

10.4 

0.0045 

1.4 

0.0010 

0.8 

0.756 

3.8 

0.365 

1.2 

0.297 

2.2 

0.0502 

2.6 


B-3 



0.385 

14.0 

0.711 

4.7 

0.093 

7.0 

0.043 

1.4 

0.035 

10.3 

0.0042 

1.2 

0.0025 

1.8 

0.938 

4.1 

0.448 

1.2 

0.425 

2.6 

0.0334 

i 1.4 


B-4 



0.427 

14.4 

0.706 

4.8 

0.097 

7.3 

0.045 

1.4 

0.029 

7.8 

0.0041 

1.1 

0.0017 

1.1 

1.158 

4.6 

0.452 

1.1 

0.423 

2.5 

0.0386 

1.5 


B(1 4) 

A 

14.2 

+-1.416 


4 1.299 


+ 0.231 


0.027 


+ 0.112 


0.0086 


0.0026 


+ 2.149 


-0.806 


+ 0.459 


+ 0.0025 


2. X 30. X 

A 


194.0 

0.992 


7.146 


1.211 


0.258 


0.020 


0.0238 


0.0 


1.942 


5.028 


4.533 


0.2717 



B-l 



1.480 

8.2 

1.430 

1.1 

0.254 

1.1 

0.081 

1.6 

0.092 

24.4 

0.0106 

2.3 

0.0 


2.768 

7.7 

1.156 

1.2 

0.873 

1.0 

0.1130 

2.2 


B-2 


157.5 

0.697 

5.3 

0.493 

0.5 

0.076 

0.5 

0.051 

1.5 

0.059 

23.0 

0.0069 

2.2 

0.0 


1.652 

6.4 

0.650 

1.0 

0.401 

0.6 

0.0511 

1.4 


B-3 



1.373 

8.8 

0.992 

0.8 

0.179 

0.9 

0.060 

1.4 

0.099 

32.0 

0.0102 

2.5 

0.0 


2.507 

7.7 

0.992 

1.1 

0.952 

1.2 

0.1099 

2.6 


B-4 



1.705 

10.5 

1.442 

1.2 

0.314 

1.5 

0.055 

1.2 

0.068 

20.0 

0.0105 

2.6 

0.0 


7.044 

22.0 

0.995 

1.2 

1.004 

1.3 

0.1721 

3.9 


B(1 4) 

A 

36.5 

+ 4.263 


-2.789 


-0.388 


0.011 


+ 0.298 


+ 0.0144 




+ 12.029 


— 1.235 


1.303 


+ 0.1744 


30. X 4. XII 

A 


27.1 

0.070 


0.818 


0.048 


0.068 


0.004 


0.0143 


0.0 


0.956 


0.900 


0.361 


0.0200 



B-l 



0.332 

23.1 

0.494 

3.0 

0.063 

6.5 

0.046 

3.3 

0.048 

64.8 

0.0034 

1.2 

0.0 


0.820 

4.2 

0.353 

1.9 

0.174 

2.3 

0.0300 .. 

|. 7-2 


B-2 


23.3 

0.239 

27.8 

0.470 

2.3 

0.030 

5.1 

0.014 

1.7 

0.033 

70.9 

0.0020 

1.2 

0.0 


0.444 

3.8 

0.150 

1.3 

0.107 

2.4 

0.0120 ' 

'* 4.9 


B-3 



0.222 

21.5 

0.309 

2.6 

0.037 

5.3 

0.016 

1.7 

0.029 

53.8 

0.0025 

1.2 

0.0 


0.514 

3.8 

0.231 

1.7 

0.115 

2.1 

0.0130 

4.6 


B-4 



0.321 

24.5 

0.334 

2.2 

0.057 

6.7 

0.024 

1.9 

0.035 

45.9 

0.0021 

0.7 

0.0 


0.813 

4.4 

0.267 

1.6 

0.202 

2.9 

0.0380 

9.5 


B(1 4) 

A 

3.8 

+ 1.044 


+ 0.789 


+ 0.139 


+ 0.032 


+ 0.141 


— 0.0043 




+ 1.635 


+ 0.101 


+ 0.237 


+ 0.0730 


Z 27. II 4. XII 

A 


595.3 

7.430 


17.40 


2.31 


1.46 


0.17 


0.13 


0.09 


17.83 


20.09 


12.62 


1.32 



B(1 4) 


456.6 

27.017 


23.28 


4.55 


1.84 


1.39 


0.21 


0.18 


46.07 


17.28 


12.88 


2.08 



B(l —4) 

1 

A 

138.7 

+ 19.587 


+ 5.88 


+ 2.24 


+ 0.38 


+ 1.22 


+ 0.08 


+ 0.09 


+ 28.24 


2.82 


+ 0.26 


1 0.76 
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ELIMINATION OF CHROMOSOMES 
IN AN ALLOPLOID HYBRID 
OF NICOTIANA TABACUMxN. GLAUCA 


B y 

L. SziLÀGYI 

BOTANICAL RESEARCH INST1TLTE OF THE HLNGARIAN ACADEMY OF SCIENCES VÀCRÀTÓT 
(Received September 26, 1975) 

Cytogenetic studies were carried out on alloploid hybrid progenies of Nicotiana 
tabacum (Kentucky) X N. glauca. The first hybrid generation was morphologically inter- 
medier with regular meiosis (n = 3t>j j). In thè F 2 -F 4 generations consideratile segrega- 
tion was observed in spite of thè alloploid condition. White flowered plants were selected 
in thè fourth generation, which were stabilized in F 5 and showed 2n = 48, n = 24 
chromosome number instead of 2n = 72, n = 36 as thè Fj. The karyotype analyses 
of thè plants with decreased chromsome nuinber suggest that thè missing 12 chroino- 
some pairs belong to one (possibly T) or both (ST) genoines of N. tabacum. 


Introduction 

Within thè genus Nicotiana hybrids can be readily formed between 
taxonomically remote species, but these hybrids usually show a high degree 
of pollen sterility. Fertile amphidiploids or alloploids can be raised by Crossing 
autotetraploid derivatives of species. 

There are hnndreds of diploid and polyploid Nicotiana hybrids published 
so far. In a previous paper we also gave an account of hybrids produced 
artificially (Szilagyi, 1970). These alloploid hybrids are usually fertile, but 
(unlike thè truc amphidiploids) because of thè occurence of homoeologue biva- 
lent formation (autosyndesis) there is some segregation in their progeny. 

Selective elimination of certain genomes has already been reported in 
thè literature. As an example, in thè heptaploid hybrid of Triticale (8x) X Triti- 
cale (6x) (2n = 7x = 49; genomic formula AABBDSS) thè whole “D” genome 
is often lost (Kiss, 1966). Selective elimination of certain genomes has also 
been used to produce haploid plants (Subrahanyam and Kasha, 1973). The 
present article reports on thè chromosome elimination in an alloploid deriva¬ 
tive of thè N. tabacum (Kentucky) X N. glauca cross. 


Materials and methods 

The Nicotiana tabacum (Kentucky) X N. glauca alloploid (2n = 72) w as produced in 1968. 
The hybridization programme started with an inbred line of N. tabacum “Kentucky” (2n = 48) 
and thè wild species N. glauca (2n = 24), raised from seeds of a botanical garden. 0.5 per cent 
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colchicine solution was applied to obtain autopolyploids (2n = 96 and 48, respectively). and 
these were crossed to get thè fertile alloploid. The progeny was grown up in thè greenhouse and 
experimental garden of thè Institute of Genetics (HAS), Budapest. 

Meiotic and mitotic preparations were made with thè standard acetocarmine method. 
For thè karyotype analysis, a pretreatment with 0.2 per cent colchicine was applied for 2.5 
hours. Pollen fertility was judged by thè proportion of stainable (acetocarmine) pollen (1500 
counts from each sample). Microphotographs were taken with MF Zeiss, set up on an NFpK 
Zeiss research microscope. 


Results 

1. The morphology of thè N. tabacum (Kentucky) X N. glauca alloploid 
was intermedier (Fig. 14). Its meiosis was fairly regular, showing 36 bivalents 
at metaphase I, and occasionally 1 — 3 quadrivalents (Fig. 1), resulting in 
46% fertile pollen grains. 

2. Among thè F 2 progenies, morphologically different types were found. 

They were classified into two main groups, one was approaching N. tabacum 
(Figs 16 and 17), thè other was characterized by a flower similar to N. glauca 
(Fig. 15). In thè first group we observed 16 per cent pollen fertility, while thè 
second group was more fertile with 41 per cent of stainable pollen. The low 
fertility of thè N. tabacum- like plants was paralleled by thè irregularities 
observed at meiosis. 2 4 univalents were often found at metaphase I. (Fig. 2) 

and sometimes a formation of chromosome bridge was also visible (Fig. 3). 
The meiosis of glauca-type plants, on thè other band, was regular with 36 bi¬ 
valents at metaphase I. 

3. Analysing thè F ;t generation, we noticed that thè plants resembling 

jV. glauca morphologically and cytologically bave been stabilized (n = 36 bi¬ 
valents at meiosis; Fig. 8). On thè contrary, thè JV. tabacum-Yike plants 
segregated further, and among them we sorted out plants with decreased 
chromosome number (n 30, n = 24, respectively; Figs 9 and 10). Beside 
thè commonly found meiotic chromosome number (30, 24) in these plants, some 
pollen mother cells exhibited as low as 10,6, 4 and even 2 bivalents only (Figs 
4 7). These abnormally low chromosome-numbered cells were eliminated 

during pollen maturation. The number of multivalents was generally very 
low, maximum 0 3\y. 

4. The selected tabacum-ìike plants of n = 24 chromosome number of F 3 
were uniform. One of them produced five white-flowered plants in thè F 4 
generation. These white-flowered plants (n = 24) had 22 per cent of fertile 
pollen. 

5. The next progeny (F 5 ) raised from thè plants of white flower gave 
uniformly white-flowered plants with 24jj bivalents at meiosis. 

In thè F 1 hybrids as well as in thè plants of later generations of thè same 
chromosome number, thè separation of certain genomes in mitotic and 
meiotic metaphases was clearly visible (Figs 11, 12 and 13). 
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Fig. 1. Meiosis of thè F v alloploid of Nicotiana tabacum (Kentucky) X N. glauca showing 

36 bivalents ( X 800) 

Fig. 2. Meiosis in thè F 2 generation showing 4 univalents and 34 bivalents ( X 800) 
Fig. 3. Chromosome bridge in an F 2 plant ( X 800) 

Figs 4 —7. Meiosis in thè F 3 generation of thè N. tabacum (Kentucky) X N. glauca alloploid 
showing decreased numbers of chroinosomes (bivalents) ( X 800) 
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Fig. 8. Meiosis of thè “glauca” type progeny showing 36 bivalents (xlOOO) 

Figs 9, 10. Meiosis of thè plants with decreased chromosome number (xlOOO) 

Fig. 11. Mitosis of thè diploid hybrid N. tabacum (Kentucky) X N. glauca showing 2n = 36 

(XlOOO) 

Fig. 12. Mitosis of thè alloploid hybrid N. tabacum (Kentucky) X N. glauca showing some 
degree of genomic separation ( XlOOO) 

Fig. 13. Meiosis in thè same alloploid plant with a tendency of genome separation (X800) 
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Fig. 14. Alloploid F t plant of N. tabacum (Kentucky) X N. glauca 
Fig. 15. Glauca type segregant in thè F 3 generation of thè alloploid 

In order to identify thè eliminated chromosomes, karyotype analysis 
was done on thè 2n = 48 plants and this was compared with thè known karyo- 
types of both N. glauca and N. tabacum. According to Kostoff (1943) and 
Goodspeed (1954), thè chroinosomes of N. glauca are larger and their morphol- 
ogy is also characteristically distinct. The N. glauca karyotype consists of 
1 metacentric, 1 submetacentric and 10 acrocentric pairs of chromosomes. 
On thè other hand, N. tabacum has 10 metacentric, 5 submetacentric plus 
9 acrocentric chromosome pairs. 

In thè identification of chromosomes in thè karyotype of N. tabacum X N. 
glauca alloploid progeny with decreased chromosome number (2n = 48) 
(Fig. 18), we took advantage of thè association of chromosomes of thè same 
genome. A similar chromosome arrangement has been found in other plants 
too (Heneen, 1962; Feldman, 1966). 

In thè hybrid with decreased chromosome number there were only four 
pairs of metacentric chromosomes, thus 7 pairs were missing in this category. 
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Figs 16 17. Tabacum type segregants in thè F 3 generation of thè alloploid 


Similarly only four pairs of submetacentric but 16 pairs of acrocentric chromo- 
somes were observed, meaiiing tliat 2 pairs of submetacentric and 3 pairs of 
acrocentric chromosoines were lost. In thè meantiine, large chromosomes of 
possibly N. glauca origin were present (Fig. 18: first 2 pairs in group a and b; 
first 10 pairs of group c). 


Discussion 

Cytogenetic analyses of several diploid interspecific Nicotiana hybrids 
pointed out thè genetical relatedness of thè species. This is reflected in thè 
presence of bivalents in thè diploid F t hybrid, but because of preferential 
pairing thè quadrivalent formation is rare in their allotetraploid derivatives. 
Thus, many alloploids show diploid-like meiosis (Kehr and Smith, 1952). 
A maximum of 6 8 bivalents was observed by Kostoff (1943) and Good- 

speed (1954) in thè interspecific hybrid of N. tabacumX N. glutinosa , while 
in thei- alloploid there was no multivalent at all, and thè whole meiotic pro- 
cess was fully regular. Similarly, Kehr and Smith (1952) reported on a high 
degree of chromosome pairing (9 10 bivalents) in thè N. tabacumX N. glauca 

diploid hybrid, but thè multivalent frequency at thè alloploid level was found 
to he unexpectedly low (0 — 3jv) which is thè same as our data. 
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Fig. 18. Karyotype of thè N. tabacum (Kentucky) X iV. glauca alloploid, a) inetacentric; 
b) submetacentric: c) acrocentric chromosomes ( X 800) 


Olir previous observations on interspecific crosses between Nicotiana 
species with 2n = 24 chromosome number revealed thè high stability of their 
alloploid derivatives even after thè fourtli generation. The hybrid described 
in this paper is, however, diffcrent, because one of thè parents is already of 
alloploid origin (N. tabacum). Thus thè polyploid derivative of our N . taba - 
cumXN. glauca hybrid corresponds to thè hexaploid (allohexaploid) level 
based on x = 12. 

In F 2 generation there was a characteristic segregation (in spite of thè 
polyploid level), and stabile lines were isolated only at thè fourth-fifth genera- 
tions. Segregation in thè alloploid (involving N. tabacum) F 2 , F 3 generations 
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has already been reported by Smith et al. (1953). These authors produced 
a multiple alloploid of N. bigelovii , N, debneyi and N, tabacum. All three spe- 
cies are believed to be of alloploid origin. Among thè selfed progeny of thè 
hybrid, three morphologically distinct lines were separated, which were pro- 
ven to be stable in later generations. According to thè cytological analysis, 
these were all of decreased cliromosome number, n = 57, n = 56, 52 and 
51 as compared with thè 2n = 144 F 4 plants. 

The elimination of thè whole N. plumbaginifolia genome in N. taba- 
cumxN. plumbaginifolia hybrid is also known (Davies, 1974). 

Considering thè results of our experiment, we may symbolize thè genome 
composition of thè liybrids observed as follows: 

(iV. tabacum- SSTT, being an allotetraploid) 

P SSSSTTTT 

2n = 96 

i 

SSTT 

n = 48 x 

i 

F t SSTTGG 

2n - 72 

I 

STG 
n = 36 

I 

F 4 n = 24 

S — N. silvestris ; T = N. tomentosiformis ; G = N. glauca 

The origin of n = 24 from n = 36 can be explained by thè elimination 
12 chromosomes from thè complete STG genome. The simplest case would he 
thè loss of a whole genome (as in thè 7x Trincale already mentioned) each 
consisting of 12 chromosomes. 

The pink-white flower colour change accompanying thè n = 36 —> 24 
transition suggests that if whole genome elimination was involved thè missing 
genome should have been that of pink-flowered N. tomentosiformis . 

The karyotype analysis of thè n = 24 chromosome-numbered plants 
(Fig. 18) points to thè same direction. According to our observations, all thè 


GGGG 
2n = 48 

i 

GG 


= 24 
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large N. glauca chromosomes are present in thè n — 24 plants. On thè other 
hand, thè eliminated 7 metacentric, 2 submetacentric and 3 acrocentric 
chromosome pairs are members of thè N. tabacum karyotype whicli is known 
to consist of ancestral genomes of N. silvestris and N, tomentosiformis. 

An alternative explanation would he that thè 12 missing chromosomes 
do not represent a whole genome, but rather a mixture of N. tabacum chromo¬ 
somes from thè S and T genomes. Further Crossing experiments (involving 
liyhridization with synthetic SSGG = N. silvestris X N. glauca allotetraploid) 
are in progress to clarify this ambiguity. 
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Authors adopt and re-interpret Devades and Beck’s (1971) architecture instead 
of thè inadequately defined rnorphological concept, for a better approach of thè spatial 
arrangement proportions and function of organs construing thè plant. 

At a given time, organs — architectural eleinents — in various stages of devel- 
opment, weight and surface capable for assimilation are found on thè plant. 

The length value distribution of internodes building up thè main axe may be 
characterized in species of a limited growth with thè generai Mitscherlich S-shaped 
curve. 

The length of petioles of basai and stem leaves is described by a parabole. 

The dry weight and assimilating surface area per internode are only partially 
parallel in value with each other. Even at thè beginning of thè flowering of thè 
main umbel, thè greatest proportion of weight is yielded by thè primary inflorescence 
axis together with thè main umbel and thè side shoots and thè leaves. 

There is no significant, linear correlation between thè dry weight of height and 
thè assimilating surface area per vertical zones. 

These results indicate that thè surfaces producing organic matter and thè place 
of accumulation happen in different points of thè plant. 


Introduction 

The length values of thè diverse organs (primarily of thè internodes) 
during growth or on thè fully developed plant were measured and partly 
interpreted by Griesebach (1843), to establish thè intercalar growth of 
Astrantia major; by Troll (1937) and Kovats (1973), to describe more exactly 
(with reference to thè longitudinal values of thè main and lateral axes per 
internode). The morphology of several other species; by Wessely (1960), 
Barath — Mathé jr., Mathé (1973), to solve taxonomic problems in Solarium 
species. 

Nowaday, thè rnorphological analysis of thè complex architecture* 
for thè plant kingdom as follows: “Architecture is thè aspect of morphology 

* The terni architecture, as defined by Webster’s “New International Dictionary” 
(cf. Hickey, l.c.), was adopted by Devades and Beck (1971). 
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which applies to thè spatial configuration and coordinatimi of those elements 
making up part of a plant without regard to histology, function, origin, or 
homology” (cf. Hickey). 

Characterizing also thè Umbelliferae , with due respect also to internodial 
length values, together with thè observations concerning thè partially cor- 
related distribution conditions between assimilating surface and weight are 
wanting in literature. 

Following Devades and Beck’s concept, plant architecture is given 
}>y thè proportionate spatial arrangement and coordination of organs as archi- 
tectural elements, modified for special functions and thereby reflecting in their 
proportions also environmental conditions. 

The architecture of anise is built up of thè following elements: tap-root, 
main axis and side shoots divided into internodes various lengths, leaves of 
different surface areas and shapes, and thè epigynous, androgyne flowers 
arranged into umbels and umbellets. The epigeous elements of thè plant are 
arranged along a spirai axis, within which thè beginning and termination 
points of one-third of thè period are marked by thè nodes, and by thè elements 
(organs) issuing from these points. 

Starting from thè generai characterization of thè architecture thè 
quantitative investigation of differences appearing qualitatively between thè 
given one-third periods i. e. thè internodes assumed primary importance. 
Secondly our aim was to measure thè distribution of thè drv weight (s. 1. 
production) and of thè assimilating area, in thè same System. 


Material and method 


On thè basis of qualitative description and of intuition springing from observation, 
as a preliminary study thè following measurements and calculations have been carried out 
(on five examplars sown on thè 26th of March, 1973, and collected on thè 19th of July, 1973, 
in which thè foliage was of completely developed size, thè petals were closed in thè inflorescence 
of thè main umbel thè side shoots have not reached, or only scarcely surpassed thè height 
of thè main axis, their inflorescences were green and thè umbellet was in a closed state): 
defining thè internode above thè root as No. 1, thè length of each internode was measured, thè 
length of petioles arising on nodes No. 1, 2, 3, etc. of thè side shoots of thè secondary and 
tertiary inflorescence axes (in min). Subsequently, thè exemplare have been cut per internode. 
Accordingly, one investigated object consisted of several elements, i. e. thè leaf (in thè first 
case: leaves) inserting from thè node, thè side shoot (at thè high est node often two side shoots), 
and thè internode itself.* 


* The chlorenchyma layer of thè main axis consists of plasts containing cells similar 
in shape to those in thè parenchyma of thè leaves. In thè plasts of thè chlorenchyma of thè 
main axis also assimilated starch was observed. Therefore we also considered half of thè cylin- 
der-jacket of thè shoot axes as an area of assimilation. The other half of thè cylinder-jacket 
is composed of collenchyma for strengthening purposes, which appears as a rib on thè surface 
and which does not contain plasts. (The assimilating activity of thè chlorenchyma of lignifying 
shoot axes has been already shown by Szujkó-Lacza—Fekete—Faludi—Daniel 1971; 
Szujkó-Lacza— Rakovàn—Fekete— Ho rvàth 1972.) 
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On thè basis of thè averaged values of thè five exemplars, we thereafter established thè 
s. 1. internodially assimilating surface area and dry weight. The assimilating surface area was 
measured by light planimeter (cf. Medina—Lieth, 1964), in thè sequence of internodia, on 
fresh material, thè dry matter weight was measured on material dried at 80 °C. Following thè 
internodial surface area determination, thè surface area of thè leaves was calculated also separat- 
ely. Between thè dry weight and assimilating surface area per internode, we calculated a 
linear correlation according to Svàb (1967). 


Results and discussion 

It may be established on thè basis of thè first column of Table 1, that 
thè s. str. lower internodes are shorter. Internodes 3, 4, 5, and 6 are of nearly 
equal length and longer than thè lower ones. The longest internode is No. 8, 


Table 1 


The numerical data of thè architecture and architectural elements of Pimpinella anisum L., 
and thè conditions of assimilating surface and of iveight distribution 


Length in cm 

Assimilating surface 
in cm* 

Weight 
in g 

Serial no. of 
internode 

ì. 

2. 

s. | 

4. 

5. 

6 - 1 

7. 

8. 

9 ' 1 

io. 

il. 

12. 

length zone 

rumulated 

length 

length of petiole 

length of side 
shoot 

stera 

internode leaf, 
side shoot* 

side shoot 
(stem + leaf) 

t- 

+ 

ve 

+ 

IO 

main umbel 

total side 
umbels 

o 

+ 

ev 

+ 

00 


3rd i.a. 

2.0 

36.4 











2nd i.a. 

3.1 

34.4 







1.8 

6.0 

7.8 

0.9 

8. 

5.0 

31.3 

1.3 

9.1 

3.2 

4.4 

3.1 

10.1 



10.7 

0.3 

7. 

4.2 

26.3 

1.3 

14.2 

3.1 

2.0 

2.5 

6.2 



7.6 

0.2 

6. 

4.1 

22.1 

1.4 

17.8 

3.4 

6.4 

4.8 

14.6 



14.6 

0.3 

5. 

4.2 

18.0 

1.6 

19.9 

3.6 

6.7 

6.2 

16.5 



16.5 

0.5 

4. 

4.1 

14.0 

2.1 

20.3 

3.8 

9.2 

6.4 

19.4 



19.4 

0.5 

3. 

3.9 

9.9 

3.1 

23.7 

4.1 

10.2 

5.7 

20.0 



20.0 

0.5 

2. 

3.2 

6.0 

4.5 


3.6 

10.0 


13.6 



13.6 

0.2 

1. 

2.8 

2.8 

4.1 


2.0 

8.2 


10.2 



10.2 

0.3 




3.2 













2.9 











27= 



27= 

27= 

27= 

27= 

27= 

27= 


27= 

27= 


36.4 



105.0 

26.8 

57.1 

28.7 

112.6 

7.8 


120.4 

4.6 






^ 1/4 

^ 1/2 

^ 1/4 





0.9** 


* = internode + leaf -|- side shoot; ** = weight of root; i.a. = inflorescence axis 


15 


Acta Botanica Academiae Scientiarum Hungaricae 21, 1975 




































446 


SZUJ KÓ-LACZA, J. SZÓCS, Z. 


concomitantly also thè primary inflorescence axis of thè inaili umbel. Between 
thè basai leavcs thè length of petioles increases from thè lst to thè 3rd, and 
thè 4th petiole, arising on thè 2nd node is thè longest among all stem leaves. 
From here upward, thè length of petioles decreases, and those of thè 5th, 
6th, Tth and 8th are short, scarcely differing in length from each other. 

At this stage of development, thè centre of thè assimilating surface is 
on thè 3rd and 4th internodes. (Concerning weight and assimilating surfaces, 
thè term internode is used sensu lato in other words, it comprises side shoots, 
leaves, etc. !). According to thè data of thè 4th column and thè morphological 
description, these two internodes have also thè longest side shoots. 

More than half of thè total assimilating surface of thè plant is represented 
by thè stem leaves, and nearly one-quarter is ascribable, separately, to thè 
surface of thè main axis and of thè side shoots. (In thè latter, we did not 
measure thè relatives small and few leaves developing on them.) 

The weight distribution conditions of thè plant show a partial correlation 
with thè distribution of thè assimilating surfaces. Though there are exceptions, 
e.g. level 9, which comprises thè secondary and tertiary inflorescence axes of 
thè main umbel, thè carpell primordia, and thè weight of side umbels emitted 
from thè sanie node. The greatest weight proportion occurs here already at this 
stage of development. The side shoots of nodes 3, 4, and 5 are excel as far as 
assimilating surface is concerned. 

Table 2 contains data referring to thè main umbel. At this stage, thè, 
inflorescence axes have a total length of 8 cm and weight 0.5 g. (On thè average 
thè main umbel has about 120 flowers, representing 240 shysocarp primordia.) 

Table 3 gives numerical characteristics of specimen having 6 side shoots 
on thè average (though at this stage thè side shoots have not yet reached their 
fully developed state). The side shoots, inserted from nodes 3, 4 and 5, com- 


Table 2 

Data of thè lst , 2nd and 3rd order inflorescence axes 
of thè main umbel 



Length 

(cm) 

Diam. 

(cm) 

Pieces 

Assimilating 

surface 

(cm 2 ) 

Weight 

(g) 

I. i.a. 

5.0 

2 

1 

3.2 

0.3 

II. i.a. 

2.5 

0.4 

12 

1.2 

0.2* 

III. i.a. 

0.5 

0.1 

10** 

0.6 



27= 



27= 

27= 


8.0 



5.0 

0.5 


* = without flowers; ** = average of every 2nd i.a. 
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Table 3 

Data of ari average side shoot 


Serial 

no. 

On which 
node 

Length 

(cm) 

Length of 
lst inter- 
node (cm) 

Length of 
2nd inter- 
node (cm) 

Length of 
lst i.a. 
(cm) 

Length of 
2nd i.a. 
(cm) 

Length of 
3rd i.a. 
(cm) 

Assimilating 

surface 

(cm 2 ) 

6. 

1 

8 

9.1 

6.5 





2.5 

5. 

7 

14.2 

11.5 





3.1 

4. 

6 

17.8 

10.8 

4.6 




4.8 

3. 

5 

19.9 

12.1 

4.8 

2.1 

1.7 

0.3 

6.2 

2. 

4 

20.3 

11.1 

5.2 




6.4 

1 . 

3 

23.7 

10.9 

7.8 




5.7 


prise 2 internodes and thè primary, secondary and tertiary inflorescence axes; 
in thè case of nodes 7 and 8, thè number of internodes is frequently merely one. 

The first and 2nd nodes only rarely bear side shoots; when present, they 
are rather rudimentary. Within a population comprising a large number of 
specimens, it happens sometimes that thè main axis is rudimentary, in sudi 
cases thè side shoots of thè lower node are much more developed (examples 
of basally ramifying plants). 

Among thè side shoots which are fully developed and which have reached 
their entire length thè longest ones are on node 5. In thè not fully developed 
ones, thè longest shoots arise on node 3 (Table 3). 

Table 4 containsthe data of an average side shoot. In this stage of develop- 
ment, thè primary, secondary and tertiary inflorescence axes are only half as 
long and half as much in weight as thè main umbel. On thè other hand, thè 
number of thè tertiary inflorescence axes is higher than of those developed 
on thè main umbel. 


Table 4 

Data of thè lst , 2nd and 3rd order inflorescence axes 
an average side umbel 



Length 

(cm) 

Diam. 

(mm) 

Pieces 

Assimilating 

surface 

(cm 2 ) 

Weight 

(g) 

lst i.a. 

2.1 

1.5 

1 

2.3 

0.1 

2nd i.a. 

1.7 

0.3 

10 

0.5 

0.15** 

3rd i.a. 

0.3 

0.1 

16* 

0.5 



II 

^1 



1= 3.3 

0.25 


* = thè number of 3rd i.a. belonging to one umbel; 

** = total weight of 2nd and 3rd i.a. 


15 * 
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Considering thè length of thè main and side shoots, and within them 
those of thè internodia, as well as thè state of development of thè exemplars, 
it follows that thè architecture of P. anisum consists at thè examined stage of 
development of organs, or elements, of various development, weight and of 
assimilating surface whose distribution is dependent on thè architecture. 

Considering thè distribution of thè features examined above, it is quite 
probable that thè distribution, diffusion, activity (pattern, cf. Wardlaw, 1965) 
of growth regulating materials keep certain side shoots constantly, others for 
a longer or shorter period of time, in a subpassive state, while in others they 
represent more favourable conditions, according to localization. Thus thè 
origin localization of thè side shoots in other words, thè height zone within 
thè architecture, is an important factor in determining thè length of thè side 
shoots. At thè apex of thè main and side shoots, thè umbelliform arrangement 
in thè same zone means an increase in surface and at thè same time amasses 
thè generative organs in great numbers, owing to thè secondary and tertiary 
inflorescence axes. (Up to a certain point in thè flowering of thè main axis, 
thè development of thè flowers on thè side shoots is inhibited.) 

The assimilating surface and thè weight distribution conditions cor- 
respond to, and reflect, thè architecture of thè plant. 

The above results inspired us that, beyond investi gating weight and 
assimilating surface characteristics, also a third one, concerning internodial 
length, be studied in 1974, in order to understand to what diverse rates thè 
internodial height zones divide thè main axis if their numbers and pheno- 
phases are different. Therefore, specimens with 8 nodes (sown in March 1973) 
have been compared to 16 specimens with 9 nodes (sown on 21 March, 1974, 
and gathered on 2 July), as far as their length data were concerned. The 
numerical data are given in Table 5. 

According to Table 5, it is characteristics, in spite of thè different num¬ 
bers of nodes and phenophase, that thè length of internodes increases upwards 
from internode 1 to 5 in thè case of specimens with 8 nodes and from inter- 
node 1 to 4 in thè case of specimens with 9 nodes. In thè middle internodes, 
a state of equilibrium is observable in both examined phenophases, then thè 
internode below thè primary inflorescence axis is shorter i.e. thè 7th in 1973, 
and thè 7th and 8th in 1974. On thè contrary, thè uppermost one is thè longest 
of all, irrespective of thè number of internodia, in both years and in both 
phenophases, in fact identical with thè primary inflorescence axis (henceforth 
p.i.a.). Similar internodal length distribution was measured by S.-Wolcsansz- 
ky (1972) in Zea mays. 

The difference between thè main umbel and thè side shoots increased 
in 1974, as compared to earlier phenophases in 1973. 

According to Table 5, thè phenophases of plants sown with only 5 days 
of difference in thè two years are different. The number of days between sowing 
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Table 5 


The length distribution of thè mairi inflorescence axis , 
according to internodal sequence , in 1973 and in 1974 


Date 

Phenophases 

Average 
height 
in nini 

Internode 

serial no. 
in 1973 

length 
in inni 

serial no. 
in 1974 

length 
in mm 

19 June, 1973 

21.4-23.2 

364 

1 . 

28 

1 . 

32 


31.4.2-32.1 


2. 

32 

2. 

43 


34.4.1-34.4.2 


3. 

39 

3. 

51 


41.2 


4. 

41 

4. 

55 




5. 

42 

5. 

41 

2 July, 1974 

22.4-23.2 

485 

6. 

41 

6. 

43 


32.3.5 


7. 

40 

7. 

35 


35.3.2-35.3.3 


8. + 9.* 

50+31 

8. 

39 


42.1 


10.** 

20 

9. + 10.* 

62 + 35* 






11.** 

45 


* = combined heights of 2nd and 3rd i.a.; 

** = height difference between main and side umbels 


and examination was smaller in 1974 than in 1973, nevertheless, thè former 
specimens were in a more advanced state of development than thè latter. The 
quantitative developmental differences of thè architectural elements, and 
within it thè qualitative ones of thè generative organs may be connected with 
thè external, and at thè same time changing, environmental effects exerting 
their influence indirectly. 

Anise of a limited growth (cf. O’svÀth 1964) in 1973, may be charac- 
terized, on thè basis of internodial length values, by Mitscherlich’s S-shaped 
curve (cf. Went, 1957). According to thè data of thè two years, this length 
distribution, at thè blossoming of thè main umbel, or subsequently, is valid, 
with slight variations also independently of thè development of thè side 
shoots. 

Accordingly, thè conditions of thè assimilating surface and weight dis¬ 
tribution per height zone (internodially) are only partly parallel with each 
other, and not uniform, separately and per zone (Szujko-Lacza Fekete 
showed, in Euphorhia cyparissias , thè accumulation of organic matter in 
diverse organs per phenophase in 1974). In thè present case, organic matter 
displays a distribution even in thè same phenophase when examining thè plant 
per internode. This is probably why thè linear correlation is positive, but not 
significant between thè surface and weight values per internode (s.l.). The 
internodal length and internodal weight correlation is positive and approxi- 
mates thè 10% significance level. The internodal length and thè assimilating 
surface show a negative relation, and therefore is not significant. 
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RECENSIONES 


Walter, H.: Die Vegetatimi Osteuropas, Nord- und Zentralasiens, Vegetationsmonographien 
der einzelnen Grossràume. 7. voi. Stuttgart, G. Fischer, 1974, 452 pp., 363 illustrations, 
DM. 149.— 


Earlier published volumes of thè serial edited by H. Walter (1. Knapp: North and 
Central America, 2. Hueck: South America, 2a. Hueck—Seibert: Atlas of thè vegetation 
of South America, 3. Knapp: Africa) have been reviewed in thè Botanikai Kòzlem. 64. (1974) 
and in thè Acta Botanica Acad. Se. Hung. 20, (1974). The recently published work gives a brief 
and modern treatment of thè vegetation of Eastern Europe, North and Central Asia, thus 
practically of thè Soviet Union. The well-known botanist was born in Odessa (as Mr. Walter 
himself told me in 1928 when we met for thè first time) he had an excellent command of thè 
Russian language and for this rsason was well equipped to undertake this task, although he 
became acquainted with thè region only up to thè Leningrad— Kiev—Rostov—Tbilisi—Baku 
line in his youth and later during thè World War II. But thè editor had at his disposai 
a very extensive Russian-Soviet literature, chiefly Alechin’s “Vegetation of thè USSR” 
2nd edition, 1951, and thè “Descriptio vegetationis URSS”, (edited by Lavrenko and Sochava) 
an explanation of thè 8 pages of vegetation atlas (1 : 4 million) by nearly 1000 pages (text 
in Russian). Walter has treated thè subject briefly in two of his earlier works, both of shorter 
length: “Die Vegetation Osteuropas” 2nd ed., Berlin (1943) and “Die Krim”, Berlin (1943). 
The chief objective of this book was to cover plant associations (partly formations, but fre- 
quently also associations), submitting numerous analyses but not furnishing tables. The 
nomenclature relies on thè terminology of Soviet authors, though consideratimi is given to 
larger units e.g. thè steppe communities are divided into Festuceto-Herbeta , Herbeto-Stipeta , 
Stipeta , and thus rather ecological names, as Suprahygroherbeto-Stipetum or Subpsammo- 
Herbeto-Stipetum , originate. The methods of thè former Grossheim school, incorporating thè 
thought orientation of thè Central European School, are disregarded as well as thè siinilar 
works of Hungarian cenologists who had visited thè Soviet Union (Borhidi, Soó, etc.). Rela- 
tively little literature is quoted: thè extensive summary makes reference to Soviet bibli- 
ographies. Causative ecologie problems are not discussed here but in thè 2nd voi. of thè “Vege¬ 
tation der Erde”, 1968 (see Acta Botan. 15: 204—5 and 21:218). Hungarian botanists will 
find especially interesting thè excellent summary on deciduous woods, wood-steppes and steppes. 
Numerous comparisons between thè vegetation of thè treated area and of thè North American 
continent are offered. The book consists of several parts. In thè introduction, thè vegetation 
units, vegetation zones (unfortunately only two small sketch-type maps are presented), zonal, 
extrazonal and azonal vegetations, etc. are reviewed. The main chapters cover thè followings: 
1. Arctic deserts and tundras, 2. boreal coniferous zone, thè taiga, 3. broadleaf and mixed 
broadleaf-coniferous woods, 4. nemoral (shady) deciduous forest zone with special view on 
thè Ukraine (mixed oakwoods are discussed under thè name of “Nemoreta”), 5. steppe, 6. semi- 
deserts and deserts, 7. mountains representing multiple zones: Ukraine, Aitai. Krim, Caucasus. 
It is evident that thè chapters follow thè conventional pattern of division. 

The different parts contain a large nuinber of photographs of communities and some 
drawings; small and large size areal and fiorai maps, diagrains of climate, vegetation profiles 
are taken over from Soviet authors to a great extent. 

The book has a pleasing appearance, like other publications of thè Fischer publishing 
house. Its price is not low. Although thè reviewer is one of thè stili living honorary members 
of thè Soviet Botanical Society, he must at this place again state that in his view thè com- 
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petent methodology of thè Ziirich—Montpellier school can be successfully applied to thè field 
of vegetation, and therefore he does not share thè approach of thè Komarov school (see 
Flora IJSSR). According to thè Komarov school, a species is monotypic, it represents an indi- 
visible unit (this is true only for thè genetic biotype). Such an approach will lead to thè dis- 
regard of geographic races (subspecies) and ecotypes, these and scarcely different forms are 
denoted as species, especially by Ukrainean botanists, these taxa have been contracted both 
in my synopsis and in thè Flora Europea (for a counter opinion to Bobrov’s view, see thè 
expounding by Skorstov, 1972). More recently, as I indicated elsewhere, I am inclined to 
accept next to thè traditional Gerinan-British sp., subsp., var. concepts also (in thè criticai 
genera) thè agg. (aggregatum: spec. coll.) and thè small species (microspecies), though these 
cannot be traced in thè Code, International Code of Nomenclature. 

In thè last analysis, Walter’s work is an excellent summary and thè only book which 
gives a modern account of thè vegetation of thè Soviet Union and which can be used by those 
who are not versed in thè Russian language. It is a want for thè Hungarian geobotanist. 

R. Soó 


À. Love and D. Love: Cytotaxonomical Atlas of thè Slovenian Flora. Lehre, Cramer Verlag, 
1974. 124 pp. 

Àskell Love is rightly regarded as thè best qualified authority in thè field of cyto- 
taxonomy. Though his last and most extensive work, “Cytotaxonomical Atlas of thè Slovenian 
Flora”, covers a small geographical area, it is of immediate interest to thè Hungarian botanists 
as well as to thè European taxonomist. It contains all data made available so far (up to 1972) 
of most plant species in Hungary, and includes pertinent literature quotations. In this respect, 
thè work of thè Lòves excells over their earlier book (“Chromosome number of Central and 
Northwest European plant species 44 ) — in which Hungary is considered as an integrai geo¬ 
graphic part of Central Europe — and over thè book of thè most comprehensive scope by 
Bolhkovskikh, Grif, Matveyeva and Zakharyeva, entitled “Chromsome number o 
flowering plants” published in Leningrad in 1969, which deals with all existing flowering 
species of thè world; however because of thè lack of adequate criticai approach, it is not in- 
frequent that data on identical plant species are given under various synonyms (e.g. Orchis 
maculata. Dactylorchis maculata, Dactylorhiza maculata ) and that a number of obsolete and 
questionable data are included, especially in thè case of sp. agg. (e.g. Festuca ovina), regrouped 
recently into smaller species. Yet this work is indispensible even to-day. (At this point, I cali 
attention to thè fact that thè chromosome numbers published between 1965 and thè present 
tiine can be found in thè volumes of 50. et seq. of Regnum Vegetabile, compiled by Ornduff 
and Moore.) Literature on biosystematics (including cytotaxonomy) published between 
1945 and 1960 can be found in thè bibliography of Solbrig and Gadella (Biosystematic 
literature, Utrecht, 1970, 566 pp. according to families and genera). These fundamental works 
are mentioned here in conjunction with that of thè Lòves, because nowhere does Hungarian 
botanical literature make mention of them. The Lòves cite thè relevant works of Hungarian 
botanists on pages 797—1223, thus making it thè most complete enumeration. Exaggerated 
are — as in their other works — thè splitting of some genera (under thè names of Centaurea: 
Acrolophus, Acosta, Phalolepis, Jacea, Leucantha , Calcitrapa, Cyanus, Colymbada, Acrocentron 
and similarly in thè case of Polygonum, Rumex , etc. and even in thè very much subdivided 
Orchis there appeared Vermeulenia). Some Czechoslovakian botanists, e.g. Dostàl, Holub 
and others, approach classification on a similar basis. The enumeration follows Engler’s 
System, seldom including subspecies if thè representatives are of different cytotypes in which 
case they are treated as a separate species (as in their earlier works) and thus thè resultant 
number of thè micro-species is high. The names of species are accompanied by a 10 digit 
code number in order to aid computer processing although it would have been more advan- 
tageous to supply thè page number in thè index. The work contains qui te a few new or even 
striking statements concerning microsystemaiics, but ignores chromosome numbers which 
are uncommon, for example in thè instance of grasses ( Agrostis, Dactylis, etc.). Theoretically, 
it is sound that F. valesiaca and F. pseudovina are 2n: 14, and that F. rupicola is 2n: 42, but 
I know F. valesiaca and F. pseudovina unquestionably polyploid (28 !) in flower morphology 
as well as in leaf anatomy from Hungary then a number of divergent 2n plants in thè earlier 
A. alba agg. — certainly hybrids or aneuploids vo some extent — but prorepens Koch 2n: 70 
(not treated in this work) can be regarded as a distinct species = A. stolonisans Bess. (See 
Soó: Synopsis . . . Fl.-Veg. Hung. 5. pi. L, Festuca in Acta Bot. Hung. 18. 1972, 363—377). 
The nomenclature, in generai, is extraordinarily precise and up to date; however, it is confused 
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in Rhinanthus , because Rh. major auct. is not Rh. alectorolophus but Rh. angustifolius Gmel. 
(Rh. serotinus [Schònheit] Oborny), Rh. aristatus Celak. is correctly Rh. glacialis Personn. 
(see Soó in Feddes Rep. 84: 448). Other remarks will be made in voi. 6. of thè Synopsis. Despite 
these few criticai remarks, thè book published by thè Lòves is thè most reliable handbook 
on cytotaxonomy and it can be only wished that thè authors would expand it to cover thè 
entire European flora. The book is rotaprinted, has an aesthetically appealing cover but is 
sold at a prohibitive price. 

R. Soó 


Leuschner, D.: Einfiihrung in die numerische Taxonomie. Jena, VEB Fischer, 1974, 139 pp. 

Albeit, thè reviewer is no adherer of thè numerical taxonomy, silice in biology (both 
in taxonomy and ecology) it is thè qualitative characteristics which are fundamental and thè 
quantitative characteristic only if thè dialectical conversion into thè qualitative takes place, 
nevertheless, thè book is to be recommended. The numerical taxonomists or thè taxometrist 
considers in thè strict application of his discipline each pair of data as of equal value (axiom 
no. 2), but it is not indifferent whether a plant has 1 or 2 cotyedons if thè leaf is 1 or 2 cm 
wide. (This of course is an absurd example.) The EDVA, i.e. thè automatic processing of data 
material has as its purpose objectivity, thè capacity of reproduction and rapidity. The author 
himself discusses thè multiplicity of characteristic marks (Merkmale) and in thè 5th axiom 
he States thè principle of independence of similarities as taxometrically founded. (Not long 
after thè new System has been constructed [Sokal and Sneath, 1963], a serious debate evolved 
in Liverpool in 1964 [see Heywood and McNeill: “Phenetic and phylogenetic classification” 
1964, London].) Ehrendorfer has stated long before in thè “Fortschritte d. Botanik” that 
numerical taxonomy has produced excellent results — especially with respect to microorgan- 
isms — but absurd ones as well. In order to fully comprehend this book, it is necessary for 
thè reader to be equipped with thè tools of mathematics. A vaste number of new concepts 
(also biological ones), and of abbreviations along with a number of taxometric methods are 
presented. Many concepts are discussed in thè quadrilingual appendix which is, however, not 
complete. Among thè Hungarian biologists, Juhàsz-Nagy and OrlÓczy (now professor 
Orloci in Canada) are mentioned in thè literature. 

R. Soó 
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TOM 21-Ebin. 3-4 

PE3H3ME 


HOBblE PACTEHHH HA KYBE IV 

A. EOPXMJ3M, O. MKDHMI4 

B HaCTO^mefi CTaTbe onwcaHO 24 HOBbix TaKCOHa: Polygonaceae: Coccoloba (lsp.); 
Euphorbiaceae: (Leucocroton) (1 sp.); Sapindaceae: Thouinia (1 sp.); Celastraceae: Crossopetalum 
(lsssp. 1 var.); Rhamnaceae : Auerodendron (1 var.), Reynosia (1 sp.); Combretaceae: Terminalia 
(lsp.), Bucida (lsp.); Myrtacea ■»: Psidium (I sp.), Calycorectes (lsp.), Pimenta (1 sp.), Murcia 
(1 sp.), Myrtus (1 sp., 1 hybr.), Eugenia (1 sp.); Melastomataceae: Calycogonium (1 sp.); Sapota- 
ceae: Bumelia (1 sp.); Scrophulariaceae: Bacopa (1 sp.): Rubiaceae: Schmidottia (1 var.); Ronde- 
letia (1 sp.). 


M3YHEHME AHATOMMM rEHEPATMBHblX OPrAHOB 
LOTUS CORNICULATUS AGG. 

O. BOP1IIOLLI 

Abtop H3yMajia aHaTOMHio HacTeii ubctkob 7 ahkhx h 3 KyjibTHBHpyeMbix TaKCOHOB 
Lotus. B CTaTbe aBTop j\ae t noApoOHoe onncaHue crpoeHHfl UBeTKa MOTbiJibKOBbix, KOTOpbiH 
coctoht H3 MaujeMKH, jienecTKOB, TbiHHHOK h necTHKa, AaAee onwcaHa aHaTOMHA njiOAa h 
ceMeHn. 


SKOJlOrHHECKME HABJIIO^EHHH HA/J BEHTEPCKMM BOflHblM 

H YPHOMY CETES 

M. TEHUEJlb 

CTaTbe nyGjiHKyeT AaHHbie 0 pacnpocTpaHeHnn BOAHoro Hyphomycetes b bch- 
repCKOM ropHOM pynbe (pyneH Mopro, ropa Bep>KeHb), KOTOpbiH nccjieAyeTCA y>Ke mhoto jieT, a 
Taione oG OTHomeHH^x ceaoHHoro cymecTBOBaHHH OTAejibHbix bhaob mah coBOKynHOCTH bhaob. 
B HCCJieAyeMOM pynbe mo>kho onpeAeAHTb ABe xopoujo OTAHMHMbie BHAOBbie coBOKynHOCTH, 
AOBOAbHO peaKO oGocoGAeHHbie Apyr ot Apyra. Ha ocHOBamin paHee CAe;iaHHbix HaGjuoAeHHH, 
TAaBHan npuMHHa stoh H30AAUHH: cyGcTpaT-npe(j)epeHUHfl OTAeAbHbix bhaob rpHGoB. ^aAb- 
HeìmiHe pe3yAbTaTbi, KOTopbie nyGAHKyiOTCH b CTaTbe, sto AaHHbie o TaKHX BHAax boahoto 
Hyphomycetes , y KOTopbix ce30HHoe cymecTBOBaHHe nonasbiBaeT cBH3b c toahmhoh TeMnepa- 
Typofi BOAbi a Taione c onaAamieM jincrbeB. 


HOBblE BM/Jbl SCENEDESMUS, HAR^EHHblE B EY^AriEllITCKOfi 

MACTH £YHAfl 

T. XOPTOEAJAbM 

B CTaTbe cooGmaeTCH o neTbipex HOBbix BHAax Scenedesmus 113 koaackahh, coGpaH- 
hoh b GyAaneiuTCKOH HacTH JXynafl b 1971— 1972 roAy. Abtop nocBAmaeT sth bham BeHrepcKHM 
rHApoGnoAoraM: (ap- A. BepuHK, Ap. M. Khui, ap* r. CeMeui, AP- r. YepKOBHn). 
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flEtfCTBME MOHOXPOMATHMECKOrO CMHErO H KPACHOrO CBETA HA 
3JIEKTP0HH0MHKP0CK0nHMECKyK) CTPYKTYPy XJlOPOnJlACTA 

M. XOPBAT, O. KAJlbMAH, E. A. TMTJ1HHOB 

B nanpwKe, BbipameHHOH Ha Gjih3K0m MOHOxpoMaTHHecKOM chhcm h KpacHOM CBeie, 
KOJiHnecTBO rpaH b xjioponjiacTe, a Taione kojihhcctbo rpaH-Be3HKyjiyM pacTeT napajmejibHO 
C pOCTOM ffJIHHbl BOJlHbl. FIpOAyKUHH (J)0T0CHHTe3a B nepByK) OHepeAb 33BHCHT OT KOJlHHeCTBa 
rpaH. 


KPMOBMOJTOrMMECKME HCCJlEflOBAHMH B BbICOKHX TATPAX II. 

E. KOJl 

IlepBaH wacTb stoh paGoTbi GbiJia onyGjiHKOBaHa b >xypHajie Acta Bot. Hung. 1975 
21 (1—2). B stoh qacTH cTaTbH TaGjiHua oGoGmaeT KOManeKC MHKpoopraHH3MOB pacreHHH, 
>KiiByiHHX Ha chokhoh noBepxHOCTii BbicoKiixTaTp, a TaK>Ke H3oGpa>KaeT hx pacnpocTpaHeHne 
h pacnpocTpaHeHne pa3JiHHHbix KpHoGnoTonoB. CHOKHan Bereiaunn Bwcokhx Taip oneHb 
pa3HooGpa3Ha. 3Aecb Ghjih HaiÌAeHbi TaKH<e MHKpoopraHH3Mbi, KOTopbie >KHByT b AajibHiix 
pailoHax. BbicoKne TaTpbi, GjiaroAapn CBoeMy ueHTpajibHOMy pacnojio>KeHiiH) hbjhhotch 
B 3>KHbIM AeHTpOM C TOHKH 3peHHfl aapoGHOJIOrHH. 3ACCb MO>KHO H3HTH KpHOGHOHTbl, KOTOpblC 
>KHByT b ceBepHOM nojiymapHH, a TaK>xe OTAejibHbie bhaw, >KHBymne b io>khom nojiyujapini. 
B CTaTbe onHcaHa III qacTb KpiioGHOjiorHHecKiix uccjieAOBaHHH, npoBOAHMbix Ha TeppiiTopnn 
BbicoKnx TaTp. 


CPABHHTEJlbHblE FIOHBEHHO-AJirOJlOrHMECKME MCCJlEflOBAHMfl 
HEKOTOPblX THnOB nOMB TOPbl MATPA 

>K. n. KOMAPOMM 

Abtop c tohkh apeHHH ajirojiorHH nccjieAOBajia ninw noMB, KOTopbie name Beerò BCTpe- 
MaioTCH Ha cpeAHeropucTbix mccthocthx BeHrpiin, a TaK>Ke h Ha rope MaTpa. B pe3yjibTaie 
nojiyMCHHbix AaHHbix Gmjih CAejiaHbi BbiBOAbi o bhaobom cocTaBe ajibro(J)jiopbi oTAejibHbix thfiob 
noMB, a TaK>KC BbIBOAbI, OTHOCALUIieCH K CBH3H MOKAy ajirO({)JIOpOH II nOMBeHHbIMH (J)aKTOpaMH. 
Abtop onpeAejnuia hs 120 oGpaaueB nOHBbi, npiiMeHHH mctoa pa3MH0>KeHHH, 35 bhaob boao- 
pocjien. Me>KAy sthmh BHAaMH 16 Gwjio aejieHoiì, 1 l->xejiTOH h 8 AHaTOMOBOH BOAopocjibio. 
Chhhh BOAOpocjib HanAeHa He Gbuia. 


MOPOOJlOrMMECKHE MCCJIEflOBAHMfl CnOP EBPOflEflCKMX BH^OB 
ENCALYPTA, CYmECTBYIOIUMX B HACTOfllUEE BPEMfl 

M. HPAM-KOMJIOXIM, UI. OPEAHJ 

ABTOpbi npoBejm MOp(j)OJiorHHecKHH aHajiH3 cnop eBponeHCKiix bhaob Encalypta 
npn noMomH MHKpocKona h ajieKTpoHHoro MHKpocKona CKaHHHHr. Ha ocHOBaHim MoptjiojiorH- 
MecKnx otjihhhh cnop BHyTpn poAa, aBTopbi npeAnojio>KHjiH, mto poA Encalypta 3aKJiio i iaeT 
b ceGe HeKOTopbie TaKCOHOMHMecKne h (JiiuioreHCTiiMecKne hcachocth. nyGjiHKyeTCH noApoG- 
Hoe najiHHOjiornqecKoe onncaHue cnop 9 bhaob Encalypta , sthm aBTopbi npnGjiH3HjiHCb k 
peuieHHK) TaKCOHOMHMecKOH npoGaeMbi. TaKCOHOMHH ceMencTBa Encalyptaceae euje ne 
AOCTaTOMHO HCHa, noaTOMy aBTopbi njiaHiipyioT AaJibHeniiiHe najiHHOjiorHMecKiie uccjieAOBa- 
HHH, OTHOCHlHHeCH K UejIOMy CeMeiiCTBV. 
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H3MEPEHHH KAJIOPMtfHOCTH JOMHHAHTHblX PACTEHHfi ^YBOBOrO J1ECA 
(QUERCETUM PETRAEAE- "SFJS) (EJHKOEKYT, CEBEPHAfl BEHEPHH) 

jl B-nAnn 


CTaTbfl COAep>KHT AaHHbie 0 KaJIOt.vi.irlOCTH H SHeprHH (})HTOMaCCbI AOMHHaHTHblX pacTe¬ 
HHH BeHrepcKoro Ay6oBoro Jieca (Quercctui.i petraeae-cerris ). BbiJia H3Mepena h BbiMHCJiena 
KajiopmiHocTb pacTeHHH bo MHorwx Apa.XHiinx, a Taiaxe no Ka>KAOMy vdobhio (ypoBeHb AepeBb- 
eB, KycTapHHKOB h MArKocTeOejibHbix). Ha ocHOBaHHH nojiyneHHbix pe3yjibTaT0B mo>kho ot- 
MCTHTb, HTO KaJlOpHHHOCTb nOHH>KajiciCb OT ypOBHH AGpeBbCB B CTOpOHy MHrKOCTeGejlbHblX. 
BbiJia onpeAejieHa KajiopnHHOcTb: Ha ' r poBHe AepeBbCB 4657 Kaji/rp, Ha ypoBHe KycTapHHKOB 
4476 Kaji/rp, a Ha ypoBne MHncocTeGexbHbix 4379 Kaji/rp. Ha OTAejibHbix ypoBHnx hct 3HanH- 
TejlbHblX pa3JlHHHH MOKAy KaAOpHÌÌHOCTbK) BHAOB. OAHaKO, OojIblUHe pa3JIHHHH B KaJIOpHH- 
hocth jincTbeB h jiyOa ObuiH OTr.ieneHi: y pa3JiHHHbix bhaob. Eojiee roMorenHan GbiJia AP^se- 
CHHa. Ha ocHOBaHHH KaAOpHHHOC T H ii (J)HTOMaccw (b cyxoM Bece) onpeAejiiijiH, hto coAep>KaHKe 
3HeprHH AOMHHaHTHbix pacTeHHH naBHHJiocb: 113,646xl0 7 Ki<aji/ra. 


HOBBIE HJ1H MAJ10H3BECTHbiE nEMEHOMHHKM (3nMOMTbI HA rTEPEBbflX) 
I. COLOLEJEUNEA H3 TPOnHMECKOH AOPHKH 
t. non 


ABTOp OnHCbiBaeT CJieAyiOlJUHO BHAbi: Cololejeunea fadenii spec. nov. H3 Remili, 
Cololejeunea harrisii spec. nov. H C. jonesii spec. nov. H3 Ynyrypy, TaHraiibHKa. ABTOp 
AOnojiHHeT onncaHHe BHAa C. usambu.ica E. W. Jones. Bha Aphanolejeunea runssorensis 
Steph. aBTOp nepeHOCHT K Cololejeunea li CHH0HHMH3HpyeT C BHAOM C. leonardii Vanden 
Berghen. 


O HEKOTOPblX PACTEHHHX 3AnA^HOrO THHfc-UIAHfl I 

C. nPMCTEP 


Abtop onHCbiBaeT OAHOJiHCTHy’O MOAHcJiHKdHiiiO Allium karataviense Rgl. (var. gra- 
nitovii). KOTOpan npOH3pacTaeT b san bcthhkc 3anaAHoro T^Hb-LLiami «Ma.TKajibCKHH 3a- 
noBeAHHK». JJajiee aBTop BbincHneT chhohhmhkv h pacnpocTpaHeHne bhaob Sedum alberti 
Rgl. H Sedum ewersii Ledeb., paCTvmnx B 3anaAH0M T^Hb-LIiaHe. Abtop onpeAenneT, hto 
S. eiversii var. homophyllum Prae & HaxOAHTCH TaM B AHKOM COCTOHHHH, a T3K>Ke OnHCbiBaeT 
HOByio KpyrjiOJiHCTHyio MOAH(J)HKan,H’C (var. cyclophyllum). 


KJROM K OF1PEJJEJ1EHHK) CHCTEMATHRM MBYMEHHblX BMJJOB 
STREPTOMYCES H STREPTOVERTICILT UM B PAMKAX METKflYHAPOflHOrO 
nP03KTA no STREPTOMYCES 

H. M. CABO, M. MAPTOH, H. BVTH, E. cpEPHAHJJE3 

B cTaTbe npeAJiaraeTCH kjiioh k onp e;v u a 2 hhio H3yneHHbix b paMKax MCn, 414 "bhaob» 
Streptomyces H Streptoverticillum. 

3tot kjiioh ocHOBbiBaeTCH Ha KpHTepnyiv:ax ; KOTOpbie GbiJin OTHacm H3MCHeHbi Aie>KAy- 
HapOAHblM np03KT0M no Streptomyces. 

3T0T KJIIOH A^eT B03M0>KH0CTb CnemX .lHCTaM, 3aHHMaiOIHHMrH CHCTeMaTHKOH, BblGiipaTb 
H3 MOKAyHapOAHOii KOJIJieKHHH IHTaMMOB 1 ^ 6jiH3KOpOACTEeKI.DÌe (k OnpeAejineMLIM UITAMMaM) 
hjih HeoTnnHbie KyjibTypbi, a TaK>Ke AaeT bo3mo>khocto . t xoppexTHOH HAenTHcjiHKaHHH sthx 
uiraMMOB, KOTOpbie OAHOBpeMeHHO Gbuin Cp.i3He;ibi no MoptjiojiorHHecKHM h ij)H3HOJiorHH3CKHM 
CBOHCTBaM. 
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roaMMHOE MCCJIE^OBAHME CO£EP>KAHMfl nMTATEJlbHblX BEIUECTB 
OCA^KOB, nPOHHKAK)mHX MEPE3 J1MCTBY B £YEOBOM J1ECY 
(QUERCETUM PETRAEAE-CERRIS) 

M. CASO, M. MOPTOLU 

B CTaTbe nyGjiHKyiOTC^ AaHHbie 1974 roAa oG HayneHHH UHpKyji^unn MHHepajibHbix 
BemeCTB B JieCHOH 3K0CHCTeMe (Quercetum petraeae-cerris ), B naCTHOCTH 0 COACp>KaHHH MHHe- 
pajibHbix BeinecTB, HaxoAflmnxcH b ocaAKax h npoHHKaiomHx nepe3 jiHCTBy b noHBy. 

ABTopbi HCCJieAOBajin 11 ajieMeHTOB, HaxoA^mnxcH b aTMOC(J)epHbix ocaAKax, a TaK>Ke b 
BOA e, npoHHKaioiAeH nepe3 jincTBy. 3Han kojihhcctbo boam, KOHoeHTpauHio w jincTBeHHbin 
noKpOB, GbiJio BbiMHCJieHO, hto b nepwoA onbiTOB (c 27 (fjeBpajiB 1974 roAa no 4 AeKaGpn 1974 
roAa) Ha reKTap noHBbi, c boaoh, npoxoAflmeii nepe3 jiHCTBy 27,017 ki\ K3jihh, 23,88 Kr. 
KajibUHH, 4,55 Kr. MarHHH, 1,84 Kr. HaTpuH 1,39 Kr. MapraHua, 0,21 Kr oHHKa, 0,18 Kr. >Kejie3a 
a TaK>Ke 4,67 Kr. cepbi (H3 cyjibtjjaTa), 17,28 Kr. a30Ta, 12,88 xjiopa h 2,08 Kr. (j)oc(j)opa (hs 
(|) oc(})aTa) nocTynujio b noHBy. BoAa, npoxoAflinan nepe3 jincTBy GbiJia Gojiee Beerò oGorameHa 
KajineM h cepon (MaKCHMyM HacbiineHHH GbiJi b aBrycTe h HonGpe). 

fio cpaBHeHHK) c aTM0C(J)epHbiMH ocaAKaMH cTeneHb nacbimeHHH pa3JiHHHbiMH 3JieMeH- 
t3mh: KajineM b 1,2—30,1 pa3, KajibuneM b 1,1—6,4 pa3a, MarHneM 1,1—13,0 pa3a, MapramjeM 
b 2,2—70,9 pa3, cepofi b 1,2—8,0 pa3a, (J)oc(})opOM 1,4— 11,0 pa3. MaKCHMyM HacbimeHHH a30T0M 
h (^oc(J)opoM coBnaAaji c MancKOH rpaAauneH ryceHnu. 


3J1MMHHAUHH XPOMOCOM Y AJUlOnjlOH^HOrO THBPH^A 
N1COTIANA TABACUM (KENTUCKY) x N. GLAUCA 

Jl. CHJlAXlbM 

Abtop npoBejia UHToreHeTHHecKne uccjieAOBaHHH c ajuionjionAHbiM rnGpnAOM N. taba¬ 
cum x N. glauca. IlepBoe noKOJieHHe rnOpHAa GbiJio HHTepMeAwepHbiM c npaBHjibHbiM Me- 
H 030 M. Bo btopom, TpeTbeM h neTBepTOM noKOjieHHH HaGjnoAajiocb paciqenjieHne ruGpHAHbix 
pacTeHHH. B neTBepTOM noKOJiennH ajuionjionAa GbiJin cejieKTHpOBaHbi 5 pacTeHHH c GejibiMH 
UBeTaMH. 3 th pacTeHHH h b n^TOM noKOJieHnn ocTajincb cTaGHjibHbi. B coMaTHnecKHx KJieTKax 
OHII COAep>KajlH BMeCTO 72, 48 XpOMOCOM. 

Abtop npHTOTOBHJia KapnoTnn 48-xpoMOCOMHbix pacTeHHH h onpeAejnma, hto sjihmk- 
HHpyiomne 12 nap xpomocom OTHOCHjiHCb k reHOMy N. tabacum. 


KOJlHMECTBEHHblE HCCJ1EXIOBAHMH HEKOTOPblX CBOfiCTB M APXMTEKTYPbl 
AHHCA, PIMPINELLA ANISUM L. 

Pi. CyflKO-JIAUA, 3. CÉM 

B CTaTbe aBTOpbi, bmccto MeHee tohhoto onpeAejieHHH noHHTHH MOp(j)ojiorHH, aAonTH- 
pyiOT h CHOBa oGbHCHHiOT noHHTne apxHTeKTypbi, KOTOpoe GbiJio Aano Devades h Beck (1971), 
AJifl Toro HToGbi npnGjiH3HTbCH k oG'bHCHeHHio (J)yHKUHH npocTpaHCTBeHHbix othoiuchiih opra- 
HOB pacTeHHH Me>KAy COGon. B pacTeHHH B OAHO H TO>Ke BpeMH MO>KHO HafìTH OpraHbl, KOTOpbie 
pa3JiHHHbi no pa3BHTHio, Becy, n accHMHJinpyiomeH noBepxnocTH (ajieMeHTbi apxnTeKTypbi). 
Pa3AejieHne sHaneHnn A-nnHbi HHTepHOAnyMOB, H3 KOTopwx nocTpoeH rjiaBHbin CTeGejib, y 
BHAOB C OTpaHHHeHHblM pOCTOM, OTMCHaeTCfl KpHBOH MlTSCHERLICH S. ^JlHHy paCTeHHfl H 
CTeGjieBbix HepeuiKOBbix jincTbeB H3oGpa>KaeT napaGojia. Cyxon Bec Ka>KAoro HHTepnoAHyMa h 
accHMHjinpyioiAeri nami TOjibKO oth3cth napajuiejibHbi Apyr c ApyroM. Y>Ke b Hanajie uBeTCHHH 
rjiaBHoro 30HTHi<a caMoe Goubmoe BecoBoe OTHomeHne jia jot: nepBHHHbin uBeTOHHbuì cTepweHb, 
OTHOCH1AHHCH K HCMy TJiaBHblH 30HTHK, T3K>Ke noGOHHbie CTeGjlH H JIHCTbH. HeT CHrHH(J)HKaHT- 
hoh jiHHenHOH KOppejiHUHH Me>KAy cyxnM bccom BbicoKofi 30Hbi h accHMHJinpyiomeH noBepx- 
hocth. 3th pe3yjibTaTbi noKa3biBaiOT, hto noBepxHOCTb, BbipaGaTbiBaiomafl opraHHHecKne Be- 
mecTBa h aKKyMyjiHUHH HaxoAflTcn b pa3JiHHHbix MecTax. 
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